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SDOHRJHRJUDSKLFSRVLWLRQRIWKHXQLWVDQGDOORZVWKHFRQFOXVLRQWKDWSDOHRJHRJUDSKLFPRUHLQWHUQDO
XQLWVZHUHGHHSHUVXEGXFWHGWKDQPRUHH[WHUQDOXQLWV/X+IGDWLQJRIWKH+3PLQHUDODVVHPEODJH
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'
'UHSUHVHQWV WKHPDLQGHIRUPDWLRQHYHQWFKDUDFWHULVHGE\ LVRFOLQDO IROGLQJRQDOOVFDOHV
2ZLQJWRWKHLQWHQVHWUDQVSRVLWLRQWKHPDLQIROLDWLRQLVDFRPSRVLWHEHWZHHQ'DQG')IROGV
D[LVVKRZDZLGHVSUHDGLQSOXQJHD]LPXWIURP(6(WR:1:EHWZHHQWKH+RXLOOHU)URQWDQGWKH
9DOJULVHQFKH,QWKHUHVWRIWKHVWXG\DUHD)IROGD[LVSOXQJHWRWKH:1:7KHRULHQWDWLRQRI/
VWUHWFKLQJOLQHDWLRQVLVSDUDOOHOWRWKH)IROGVD[LV7KHWUDQVSRUWGLUHFWLRQGXULQJ'LVFRQVLVWHQWO\
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UHPDLQHGRQORFDODQGOLPLWHGVFDOH*HRFKURQRORJLFDOFRQVWUDLQWVDUHUDUHDQGWKH
IHZH[LVWLQJGDWDDUHOLQNHGWRTXHVWLRQDEOHWHFWRQLFLQWHUSUHWDWLRQV%XWOHUDQG)UHHPDQ7KH
LQWHUSUHWDWLRQRIWKHGDWDE\%XWOHUDQG)UHHPDQLVDOVRKDPSHUHGE\WKHIDFWWKDWWKHLUVDPSOHV
FRQWDLQHGWZRFKHPLFDOO\GLVWLQFWSRSXODWLRQV+RZHYHUWKHH[WHUQDOSDUWVRIWKH(&256&5236
WUDQVHFWKDYHUHFHQWO\EHHQZHOOLQYHVWLJDWHGE\)JHQVFKXKHWDO/RSULHQR&HULDQL
&HULDQLHWDO&HULDQLHWDODQG)JHQVFKXKDQG6FKPLGDOVRZLWKLQ
WKHIUDPHZRUNRIWKH:HVWHUQ$OSVSURMHFWDWWKH'HSDUWHPHQWRI(DUWK6FLHQFHVRIWKH8QLYHUVLW\RI
%DVHO)XUWKHUPRUH6FKPLGDQG.LVVOLQJSUHVHQWHGD¿UVWV\QWKHVLVEHWZHHQWKHJHRPHWU\RI
WKHGHHSVWUXFWXUHVDQGWKDWRIWKHVXUIDFHJHRORJ\DORQJWKH(&256&523WUDQVHFW
7KLVVWXG\SDUWLFXODUO\DGGUHVVHVWKHIROORZLQJWRSLFVLWKHSRO\GHIRUPDWLRQDOWHFWRQLFHYROXWLRQRI
WKHGLIIHUHQWWHFWRQLFXQLWVEDVHGRQGHWDLOHGVWUXFWXUDOPDSSLQJVFDOH¶WRSRJUDSKLFPDSV
RIWKH³5HJLRQHDXWRQRPDGL9DOG¶$RVWD´LLGHWHUPLQDWLRQRIWKH37FRQGLWLRQVRIWKHDOSLQH
PHWDPRUSKLFHYHQWVLQWKHGLIIHUHQWWHFWRQLFXQLWVDQGLLLGDWLQJRIWKHGHIRUPDWLRQSKDVHVDQG+3
FRQGLWLRQVGHULYHGIURP$U$UZKLWHPLFDDQDO\VHVDQGIURPWKH/X+IDQGWKH6P1GDQDO\VHV
RQJDUQHWUHVSHFWLYHO\
,QWURGXFWLRQ
,QWURGXFWLRQ

7KH SUHVHQW VWXG\ZDV SDUW RI DQG VXSSRUWHG E\ WKH 6ZLVV 1DWLRQDO 6FLHQFH )RXQGDWLRQ
SURMHFWVDQG WLWOHG7KH3HQQLQLFXQLWVRI WKH:HVWHUQ$OSV DORQJ WKH
(&256&523WUDQVHFWDQGWKHIRUPDWLRQRIWKHDUFRIWKH:HVWHUQ$OSV,QWKLVSURMHFWFDUULHGRXWDW
WKH'HSDUWPHQWRI(DUWK6FLHQFHVDWWKH8QLYHUVLW\%DVHODQGDOVRDWWKH,QVWLWLXWIU*HRORJLHDWWKH
8QLYHUVLW\%HUQHDJHGDWLQJPDQ\RWKHUSHUVRQVZHUHLQYROYHGWKHVHDUH5RPDLQ%RXVTXHW6WHIDQR
&HULDQL&KULVWLDQGH&DSLWDQL0DUWLQ)UH\%HUQKDUG)JHQVFKXK/XNDV.HOOHU,OND.OHLQKDQQV
-DQ.UDPHUV$QGUHD/RSULHQR&KULVWLQD8ODUGLF,JRU9LOODDQG6WHIDQ6FKPLG
*HRJUDSK\DQGJHRORJLFDOIUDPHZRUN
7KHLQYHVWLJDWLRQVZHUHFDUULHGRXWZLWKLQDNPORQJFRUULGRUDORQJWKH(&256&523
WUDQVHFWEHWZHHQWKH3W6%HUQDUGSDVVLQWKHQRUWKZHVWDQGWKH9DOGL5KrPHVLQWKHVRXWKHDVW
)LJ3HUSHQGLFXODUWRWKHVWULNHRIWKH$OSVWKHVWXG\DUHDH[WHQGVIURPWKH$RVWD9DOOH\LQ,WDO\
DOOWKHZD\DFURVVWKH)UHQFK,WDOLDQERUGHUWRWKHQRUWKHUQVLGHRI9DOG¶,VqUH)LJ(OHYDWLRQ
YDULHVEHWZHHQPHWHUVDVOLQWKHPDLQYDOOH\VWRPHWHUVDVOLQWKHDUHDRIWKH5XLWRU
VXPPLW
*HRORJLFDOO\ WKH QRUWKZHVWHUQ ERXQGDU\ RI WKH VWXG\ DUHD LV UHSUHVHQWHG E\ WKH+RXLOOHU
)URQWZKLFKVHSDUDWHVWKH9DODLVDQRFHDQLFGRPDLQLQWKH1:IURPWKH=RQH+RXLOOqUHXQLWLQWKH
6()LJ7KH=RQH+RXLOOqUHXQLWFRQVLVWLQJPDLQO\RID3DOHR]RLFVHGLPHQWDU\VHTXHQFHLVWKH
PRVWH[WHUQDOXQLWRIWKH%ULDQoRQQDLVSDOHRJHRJUDSKLFGRPDLQLQWKHVWXG\DUHD)LJ)XUWKHU
LQ WKH6( WKH5XLWRUXQLW WKH ,QWHUQDOXQLW %ULDQoRQQDLV WHUUDQHDQG WKH3LHGPRQW/LJXULD 3/
RFHDQLFXQLWDUHFURSSLQJRXW5XLWRUXQLWDQG,QWHUQDOXQLWDUHFKDUDFWHULVHGE\SUHDOSLQHEDVHPHQW
)LJ7RSRJUDSKLFPDSRIWKH$RVWDYDOOH\7KHVWXG\DUHDLVRXWOLQHGE\WKHEODFNOLQH1RWHFRRUGLQDWHV
FRUUHVSRQGWRWKH6ZLVVSURMHFWLRQ
 NP
 
,QWURGXFWLRQ

ZLWKDWKLQ3HUPR0HVR]RLFFRYHU7KH3/RFHDQLFXQLWSUHGRPLQDQWO\FRQVLVWVRIFDOFVFKLVWVZKLFK
DUHLQWHUOD\HUHGZLWKGLIIHUHQWDPRXQWVRIPHWDEDVLWHV,QWKH6(WKH*UDQ3DUDGLVR³LQWHUQDO´PDVVLI
DOVRSDUWRIWKH%ULDQoRQQDLVWHUUDQHGHOLPLWVWKHVWXG\DUHD
2UJDQLVDWLRQRIWKHVLV
7KHSUHVHQWWKHVLVLVRUJDQLVHGDVD³FXPXODWLYHWKHVLV´FRQVLVWLQJRILQWURGXFWLRQ¿YHPDLQ
FKDSWHUVDQGDVXPPDUL]LQJV\QWKHVLV,QWKHIROORZLQJDEULHIRXWOLQHRIWKHGLIIHUHQWFKDSWHUVDQG
WKHUROHRIWKHDXWKRURIWKLVWKHVLVLVJLYHQ&KDSWHUVDUHDOOPDQXVFULSWVZKLFKDUHSXEOLVKHG
VXEPLWWHGRUSUHSDUHG IRU VXEPLVVLRQ LQ MRXUQDOV7KHV\QWKHVLVFRPELQHV WKHFRQFOXVLRQVRI WKH
FKDSWHUVDQGV\QWKHVL]HVWKHWLPLQJRIWKHWHFWRQRPHWDPRUSKLFHYROXWLRQ
&KDSWHU7HFWRQLFHYROXWLRQRIWKH%ULDQoRQQDLVXQLWVDORQJDWUDQVHFW(&256
 &523WKURXJKWKH,WDOLDQ)UHQFK:HVWHUQ$OSV
%\6WHIDQ%XFKHU6WHIDQ06FKPLG6WHIDQR&HULDQL5RPDLQ%RXVTXHW&KULVWLQD8ODUGLF
DQG%HUQKDUG)JHQVFKXKVXEPLWWHGIRUSXEOLFDWLRQWR³(FORJDH*HRORJLFDH+HOYHWLDH´
7KLV&KDSWHUSURYLGHVDQLQWURGXFWLRQWRWKHUHJLRQDOJHRORJ\RIWKHQRUWKHUQ:HVWHUQ$OSVDQGWKH
WHFWRQRPHWDPRUSKLFXQLWVRIWKH%ULDQoRQQDLVSDOHRJHRJUDSKLFGRPDLQLQSDUWLFXODU2QWKHEDVH
RIQHZ¿HOGGDWDFROOHFWHGE\WKH¿UVWDXWKRUWKHVSDWLDOUHODWLRQVKLSRIWKHGLIIHUHQWWHFWRQLFXQLWV
LVXQUDYHOOHG7KLVPDQXVFULSWIRFXVHVRQWKHODUJHVFDOHVWUXFWXUHVWKHNLQHPDWLFVDQGWKHUHODWLYH
WLPLQJRIWKHGLIIHUHQWWHFWRQLFFRQWDFWV7KHREVHUYDWLRQVDOORZIRUDUHYLVHGLQWHUSUHWDWLRQRIWKH
(&256&523SUR¿OHDQGIRUDQHZWHFWRQLFHYROXWLRQRIWKH:HVWHUQ$OSV
 6WUXFWXUDOGDWDIURPWKH+RXLOOHU)URQWWRWKH9DOJULVHQFKHDQGWKHGDWDVRXWKRIWKH
5LIXJLR%HQHYRORZHUHFROOHFWHGE\ WKH¿UVWDXWKRU5RPDLQ%RXVTXHWFRQWULEXWHGGDWD IURP WKH
9DOVDYDUDQFKH WRZDUGV WKHHDVW$GGLWLRQDOGDWDIURPWKH9DOJULVHQFKHDUH WDNHQIURPWKHPDVWHU
WKHVLVRI&KULVWLQD8ODUGLFZKRZDVFRVXSHUYLVHGE\WKH¿UVWDXWKRU
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)LJ*HRORJLFDOPDSRI
WKHDUHDEHWZHHQWKH3W6W
%HUQDUGSDVVDQG*UDQG
3DUDGLVRPDVVLIVKRZLQJ
WKHGLIIHUHQWWHFWRQHPHWD
PRUSKLFXQLWVRXWFURSSLQJLQ
WKHVWXG\DUHDDIWHU%XFKHU
HWDO7KHVWXG\DUH
LVRXWOLQHGE\WKHEODFNOLQH
,QWURGXFWLRQ

&KDSWHU0HWDPRUSKLFHYROXWLRQRIWKH%ULDQoRQQDLVXQLWVLQWKH
 :HVWHUQ$OSV1HZGDWDRQPHWDVHGLPHQWDU\FRYHUURFNV
%\6WHIDQ%XFKHUDQG5RPDLQ%RXVTXHWPDQXVFULSWWREHVXEPLWWHG
7KHPHWDPRUSKLFJUDGLHQW IURPHFORJLWH IDFLHVFRQGLWLRQV LQ WKH3LHPRQW/LJXULDRFHDQLFXQLW WR
VXEJUHHQVFKLVWIDFLHVFRQGLWLRQVLQWKHH[WHUQDOSDUWRIWKH=RQH+RXLOOqUHXQLWLVNQRZQVLQFHDORQJ
WLPH+RZHYHUWKHDOSLQHPHWDPRUSKLFHYROXWLRQLQWKHLQWHUYHQLQJ%ULDQoRQQDLVXQLWVLVVWLOOSRRUO\
NQRZQDQGLQGLVFXVVLRQ%HFDXVHWKHGLVWLQFWLRQEHWZHHQDOSLQHDQGSUHDOSLQHPLQHUDOVLVGLI¿FXOW
LQEDVHPHQWURFNVRQO\VDPSOHVIURPWKH3HUPR0HVR]LRFFRYHUZHUHDQDO\VHGLQWKLVVWXG\'XHWR
WKHVWURQJJUHHQVFKLVWIDFLHVRYHUSULQWRQO\IHZVDPSOHVUHWDLQHGWKHRULJLQDO+3PLQHUDODVVHPEODJH
6DPSOHVIURPWKH=RQH+RXLOOqUHXQLWWKH5XLWRUXQLWDQGWKH,QWHUQDOXQLWZKLFKGLVSOD\WKH+3
PLQHUDODVVHPEODJH*UW&WG3KJ&KO3JDQG*UW*OQ3KJ3JUHVSHFWLYHO\ZHUHVHOHFWHGIRU
GHWDLOHGSHWURORJLFDODQDO\VLV37FRQGLWLRQVZHUHFDOFXODWHGE\WKHFRPSXWHUSURJUDPV'20,12
'H&DSLWDQLDQG7:4%HUPDQ,QWKH=RQH+RXLOOqUHXQLWSUHVVXUHVRIaNEDUDW
&DUHLQGLFDWHG3UHVVXUHVEHWZHHQNEDUDQGNEDUDWWHPSHUDWXUHVRIa&DUHGHULYHGIRU
WKH5XLWRUXQLW6OLJKWO\KLJKHUSUHVVXUHVDQGWHPSHUDWXUHVDUHHVWLPDWHGIRUWKH,QWHUQDOXQLW
7KLVFKDSWHULVWKHUHVXOWRIDFROODERUDWLRQEHWZHHQWKH¿UVWDXWKRUDQG5RPDLQ%RXVTXHW7KH¿UVW
DXWKRUFRQWULEXWHGGDWDIURPWKH=RQH+RXLOOqUHXQLWWKH5XLWRUXQLWDQGWKH,QWHUQDOXQLWLQFOXGLQJ
WKHPLFURSUREHDQDO\VHVDQGKHSUHIRUPHGWKHUPREDURPHWULFFDOFXODWLRQV
&KDSWHU/DWHVWDJHGHIRUPDWLRQLQDFROOLVLRQDORURJHQ:HVWHUQ$OSV1DSSH
 UHIROGLQJEDFNWKUXVWLQJRUQRUPDOIDXOWLQJ"
%\6WHIDQ%XFKHU6WHIDQ06FKPLG5RPDLQ%RXVTXHW%HUQKDUG)JHQVFKXKSXEOLVKHGLQ7HUUD
1RYD
7KLVFKDSWHUSXEOLVKHGLQ³7HUUD1RYD´GLVFXVVHVWKHUROHRIODWHVWDJHGHIRUPDWLRQVLQRURJHQV7KH
:HVWHUQ$OSVVHUYHDVDFDVHVWXG\IRUGHPRQVWUDWLQJFULWHULDZKLFKDOORZDGLVWLQFWLRQEHWZHHQWKH
GLIIHUHQWPRGHVRIODWHVWDJHGHIRUPDWLRQ2QWKHRQHKDQGWKLVFKDSWHUUHSUHVHQWVDVXPPDU\RIWKH
VWUXFWXUDODQGSHWURORJLFDOGDWDRIFKDSWHUDQG2QWKHRWKHUKDQGLWSUHVHQWVDQHZJHRG\QDPLF
PRGHOIRUWKHHYROXWLRQRIWKH:HVWHUQ
 6WHIDQ 0 6FKPLG 5RPDLQ %RXVTXHW DQG %HUQKDUG )JHQVFKXK VXEVWDQWLDOO\
FRQWULEXWHG WRZDUGV WKH GLVFXVVLRQV SUHVHQWHG LQ WKLV SXEOLFDWLRQ DQG LQ WKH LPSURYHPHQW RI WKH
PDQXVFULSW
&KDSWHU)URP+3WRODWHVWDJHGHIRUPDWLRQ'DWLQJWKHWHFWRQRPHWDPRUSKLF
 HYROXWLRQDORQJDWUDQVHFW(&256&523WKURXJKWKH,WDOLDQ)UHQFK
:HVWHUQ$OSV
%\6WHIDQ%XFKHU,JRU09LOOD,OND.OHLQKDQQV/XNDV.HOOHU5RPDLQ%RXVTXHW6WHIDQ0
6FKPLGPDQXVFULSWSUHSDUHGIRUVXEPLVVLRQWRWKH³-RXUQDORI0HWDPRUSKLF*HRORJ\´
%DVHG RQ  VDPSOHV FROOHFWHG DFURVV WKH HQWLUH %UDLQoRQQDLV SDOHRJHRJUDSKLF GRPDLQ DQG WKH
3LHPRQW/LJXULDRFHDQLFXQLWRI WKH,WDOLDQ)UHQFK:HVWHUQ$OSVWKH¿UVW WZRGHIRUPDWLRQSKDVHV
'	' DUH GDWHGE\ $U$U LQFUHPHQWDO KHDWLQJRQZKLWHPLFDV'PLFDV WDNHQ IURPDQ
HFORJLWLFERXGLQZKLFKZDVRYHUSULQWHGE\'VKRZDSODWHDXDJHRI0D 'P\ORQLWHV
RQWKHRWKHUKDQGVKRZDSODWHDXDJHRI0D0RVWRIWKHVDPSOHVGLVSOD\PL[HGDJHV2QO\
DFDUHIXOFKHPLFDODQGSHWURORJLFDODQDO\VLVRIWKHPLQHUDOVDOORZVIRUDQDJHLQWHUSUHWDWLRQRIWKH
,QWURGXFWLRQ

GLIIHUHQWSRSXODWLRQVWKDWUHSUHVHQWGLIIHUHQWGHIRUPDWLRQSKDVHVDVLVLQGLFDWHGE\PLFURVWUXFWXUDO
DQGHOHFWURQPLFURSUREHDQDO\VLV
7KLV FKDSWHU FRPSULVHV WKH $U$UJHRFKURQRORJLFDO DQDO\VHV FDUULHGRXW IRU WKLV WKHVLV
LQFROODERUDWLRQZLWK,JRU09LOODIURPWKH,QVWLWXWIU*HRORJLHDWWKH8QLYHUVLW\%HUQH7KH¿UVW
DXWKRUVHOHFWHGWKHVDPSOHVSHUIRUPHGWKHPLQHUDOVHSDUDWLRQDQGWKH$U$UPHDVXUHPHQWVRQ
ZKLWHPLFDV,JRU09LOODKHOSHGLQWKHLQWHUSUHWDWLRQRIWKHGDWDDQGKHLPSURYHGWKH¿UVWYHUVLRQ
RIWKHPDQXVFULSW,QDGGLWLRQWRWKHVDPSOHVFROOHFWHGE\WKH¿UVWDXWKRU5RPDLQ%RXVTXHWSURYLGHG
IXUWKHUVDPSOHVIRUPWKHVWXG\DUHDDQG/XNDV.HOOHUVDPSOHVIURPWKH0RQWH5RVDXQLWZKLFKDOVR
KDYHEHHQDQDO\VHGIRUWKLVVWXG\
&KDSWHU/X+IDQG6P1GV\VWHPDWLFVLQ+3PHWDPRUSKLFURFNVSUHOLPLQDU\
UHVXOWVRIDFDVHVWXG\IURPWKH3LHPRQW/LJXULDRFHDQLFXQLW1RUWKHUQ
:HVWHUQ$OSV
%\6WHIDQ%XFKHU5RPDLQ%RXVTXHWDQG,OND.OHLQKDQQVPDQXVFULSWSUHSDUHGIRUVXEPLVVLRQ
7KLVPDQXVFULSWSUHVHQWVWKHUHVXOWVRI/X+IDQG6P1GJHRFKURQRORJ\RQJDUQHWDUHSUHVHQWHG
7KUHH VDPSOHV IRUP WKH 3/RFHDQLF XQLW ZHUH DQDO\VHG LQ WHUPV RI /X+I DQG 6P1G LVRWRSLF
V\VWHPV IRU GDWLQJ WKH+3FRQGLWLRQV:HDNO\ UHWURJUHVVHGPD¿F DQG SHOLWLF VDPSOHV VKRZ DJHV
UDQJLQJEHWZHHQDQG0DLQWHUSUHWHGWRUHSUHVHQWWKH+3FRQGLWLRQV$VDPSOHZLWKDEXQGDQW
LQGLFDWLRQVIRUUHWURJUHVVLRQVKRZVDQDJHRI0DFRQVLVWHQWZLWKWKH$U$UDJHV+RZHYHU
DOOVDPSOHVVKRZLVRWRSLFGLVHTXLOLEULXPEHWZHHQ+3PLQHUDOVDQGZKROHURFNVXJJHVWLQJDSDUWLDO
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&KDSWHU
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0HWDPRUSKLFHYROXWLRQRIWKH%ULDQoRQQDLVXQLWVLQWKH:HVWHUQ$OSV
0HWDPRUSKLFHYROXWLRQRIWKH%ULDQoRQQDLVXQLWVDORQJWKH(&256
&523SUR¿OH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6ZLW]HUODQG
&RUUHVSRQGLQJDXWKRU5%RXVTXHW
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RIWKH%ULDQoRQQDLVEDVHPHQWWKHLQGH[PHWDPRUSKLFPLQHUDODVVHPEODJHLVPDLQO\FRPSRVHGRI
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KLVWRU\$QLQFUHDVHLQPHWDPRUSKLFJUDGHIURPJUHHQVFKLVWIDFLHVFRQGLWLRQVLQWKH1RUWKZHVW=RQH
+RXLOOqUHWRWKHWUDQVLWLRQEHWZHHQEOXHVFKLVWDQGHFORJLWHIDFLHVFRQGLWLRQVLQWKH6RXWKHDVW,QWHUQDO
XQLWLVREVHUYHG$PDMRUGLVFRQWLQXLW\LQPHWDPRUSKLFJUDGHLVORFDWHGDWWKHFRQWDFWEHWZHHQ=RQH
+RXLOOqUH DQG5XLWRUXQLW GRFXPHQWHGE\DSUHVVXUHJDSRIaNEDU UHODWHG WR WKUXVWLQJGXULQJ
H[KXPDWLRQ,QJHQHUDOWKHREVHUYHGPHWDPRUSKLF¿HOGSDWWHUQLVDQLQYHUVHRQHDQGLVLQWHUSUHWHG
WRUHSUHVHQWGLIIHUHQWGHSWKVRIEXULDOGXULQJVXEGXFWLRQZKLFKFRUUHODWHVZLWKWKHSDOHRJHRJUDSKLF
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PHWDVHGLPHQWV:HVWHUQ$OSV+3PHWDPRUSKLVPFKORULWRLG
&KDSWHU

,QWURGXFWLRQ
$W¿UVWVLJKWRQHLVWHPSWHGWRWKLQNWKDWWKHNQRZOHGJHRIWKHRYHUDOOVWUXFWXUHRIWKH$OSVKDVQRW
SURJUHVVHGPXFKVLQFHWKHZHOONQRZQV\QWKHVLVRI$UJDQG+RZHYHUQHZGDWDSUHVHQWHG
LQ VXEVHTXHQW VWXGLHVKDYH IRUFHG UHVHDUFKHUV WR UHYLVH VRPHNH\SRLQWVFRQFHUQLQJ WKH VWUXFWXUH
DQGHYROXWLRQRIWKH$OSLQHFKDLQ,QSDUWLFXODUVHLVPLFLQYHVWLJDWLRQVDORQJWUDQVHFWVRYHUWKH$OSV
1)33¿IIQHUHWDO(&256&5235RXUHHWDODOORZIRUDEHWWHUXQGHUVWDQGLQJRI
WKHGHHSVWUXFWXUHRIWKHDOSLQHEHOWVHHIRUH[DPSOH3ROLQRHWDO6FKPLGHWDO6FKPLG
DQG.LVVOLQJ,QDGGLWLRQVLJQL¿FDQWSURJUHVVKDVEHHQPDGHFRQFHUQLQJWKHXQGHUVWDQGLQJRI
WKHWHFWRQRPHWDPRUSKLFKLVWRU\RIWKH$OSVVHHUHYLHZLQ2EHUKlQVOLHWDO6FKPLGWHWDO
6XUSULVLQJO\FRPELQHGPHWDPRUSKLFDQGVWUXFWXUDOGDWDDUHVWLOOODFNLQJLQVRPHNH\DUHDV
HYHQWKRXJKWKH\DUHFUXFLDOIRUWKHXQGHUVWDQGLQJRIWKHHYROXWLRQRIWKH$OSV0DQ\RIWKHVHDUHDV
DUHFRPSRVHGRIEDVHPHQWURFNVWKDWXQGHUZHQWVHYHUDOPHWDPRUSKLFHYHQWV,QVXFKURFNVLWLVQRW
DOZD\VHDV\WRGLVWLQJXLVKEHWZHHQPHWDPRUSKLFHYHQWVRIGLIIHUHQWRURJHQLHV2QHRIWKHVHDUHDVLV
WKH%ULDQoRQQDLVGRPDLQRIWKHQRUWKZHVWHUQ$OSV:KLOHIRUWKHVRXWKHUQSDUWRIWKH:HVWHUQ$OSV
FRPSRVHGPDLQO\ RI VHGLPHQWV VXEVWDQWLDO HYLGHQFH IRU DOSLQH KLJKSUHVVXUH RYHUSULQW KDV EHHQ
HYLGHQFHG*RIIp*RIIp	9HOGH WKHDOSLQHPHWDPRUSKLFHYROXWLRQRI WKHQRUWKHUQ
SDUWFRPSRVHGPDLQO\RIEDVHPHQWURFNVLVVWLOOVXEMHFWWRGHEDWH
,QWKLVSDSHUEDVHGRQDFDUHIXOVWXG\RIWKHSHWURORJ\LQWKHSRVW+HUF\QLDQPHWDVHGLPHQWV
RFFXUULQJVFDUFHO\LQWKH%ULDQoRQQDLVXQLWVDORQJWKH(&256&523VHLVPLFOLQHDQHZPHWDPRUSKLF
HYROXWLRQ IRU WKH ZKROH DUHD LV SURSRVHG 1HZ 37HVWLPDWLRQV SURYLGH QHZ FRQVWUDLQWV IRU WKH
JHRG\QDPLFHYROXWLRQRIDQDUHDWKDWSOD\VDNH\UROHIRUWKHXQGHUVWDQGLQJRIWKHHYROXWLRQRIWKH
:HVWHUQ$OSV
$OSLQH+3PHWDPRUSKLVPLQWKH%ULDQoRQQDLVDUHDDORQJWKH(&256&523SUR¿OH"
,Q WKH DUHD DORQJ WKH (&256&523 VHLVPLF OLQH LQ WKH ,WDOLDQ)UHQFK:HVWHUQ$OSV WKH
%ULDQoRQQDLVXQLWVDSSHDUVTXHH]HGEHWZHHQWZR0HVR]RLFRFHDQLFXQLWVWKDWERWKXQGHUZHQWKLJK
SUHVVXUH+3PHWDPRUSKLFRYHUSULQW(FORJLWLFURFNVDUHNQRZQIURPWKH3LHPRQW/LJXULDQGRPDLQ
³*ULYROD´'DO3LD]'URRSHWDOLQWKHVRXWKHDVWDVZHOODVIURPWKH9DODLVDQLQWKH
QRUWKZHVW6FKUFK2EHUKlQVOL*RIIp	%RXVTXHW7KHPRVWLQWHUQDOSDUWRIWKH
%ULDQoRQQDLVGRPDLQWKH*UDQ3DUDGLVRPDVVLIZKLFKXQGHUOLHVWKH6FKLVWHV/XVWUpVDOVRIXUQLVKHV
HYLGHQFHVIRUD+3KLVWRU\&RPSDJQRQLDQG/RPEDUGR'DO3LD]	/RPEDUGR%DOOqYUH
7KH%ULDQoRQQDLVGRPDLQVVWULVORFDWHGLQEHWZHHQWKHVHHFORJLWLFXQLWVEXWLWVPHWDPRUSKLF
HYROXWLRQLVQRWZHOOFRQVWUDLQHGLQWKHQRUWKZHVWHUQSDUWRIWKH$OSVZKLOHLQWKHVRXWKDVLJQL¿FDQW
SUHVVXUHLQFUHDVHLVHYLGHQFHGIURPWKHH[WHUQDOWRWKHLQWHUQDO%ULDQoRQQDLV]RQHV*RIIp	&KRSLQ
*RIIpHWDO$OWKRXJKVRPHSHWURORJLFDOVWXGLHVKDYHEHHQFDUULHGRXWLQWKHVHXQLWV
%DXGLQ&LJROLQL%RTXHW&DE\	.LHQDVWLWVPHWDPRUSKLFKLVWRU\
GXULQJWKHDOSLQHRURJHQ\LVVWLOODPDWWHURIGHEDWHVHH0RQLp
)RUH[DPSOHZKHUHDVLQWKH5XLWRUXQLWDOODXWKRUVDJUHHRQWKHSUHVHQFHRI%DUURYLDQW\SH
PHWDPRUSKLVP RI SUH$OSLQH DJH HJ %RTXHW  %DXGLQ  &DE\   *RXIIRQ
WKHJUDGHRIWKH$OSLQHPHWDPRUSKLFLPSULQWLVVWLOOXQGHUGLVFXVVLRQ%DXGLQDVFULEHG
HSLGRWHEOXHVFKLVW IDFLHV FRQGLWLRQV WR D ¿UVW DOSLQHPHWDPRUSKLF VWDJH DQG SRVWXODWHG SUHVVXUHV
DURXQGNEDUDW WHPSHUDWXUHVEHWZHHQ&DQG&%RTXHW H[WHQVLYHO\ VWXGLHG
PLQHUDO FRPSRVLWLRQV DQG GHVFULEHG ODUJH DPRXQWV RI SUH$OSLQH JDUQHW DQG DPLQRU DPRXQW RI
$OSLQHJDUQHWEHVLGHV7KLVDXWKRUDOVRLQIHUUHG$OSLQHHSLGRWHEOXHVFKLVWFRQGLWLRQVIRUWKH5XLWRU
XQLW&DE\	.LHQDVW DQG&DE\ KRZHYHU LQWHUSUHWHGHFORJLWH IDFLHVFRQGLWLRQV WR
KDYHSUHYDLOHGGXULQJWKHSHDNRIWKH$OSLQHHYROXWLRQLQWKH5XLWRUXQLW'XHWRWKHIDFWWKDWDOOWKHVH

0HWDPRUSKLFHYROXWLRQRIWKH%ULDQoRQQDLVXQLWVLQWKH:HVWHUQ$OSV
VWXGLHVRQO\LQYHVWLJDWHGSUHDOSLQHEDVHPHQWURFNVWKHGHEDWHFHQWHUVODUJHO\DURXQGWKHGLVWLQFWLRQ
EHWZHHQPLQHUDOVRI$OSLQHDQGSUH$OSLQHDJH,QWKH,QWHUQDOXQLW&LJROLQLHYLGHQFHGSUH
$OSLQHUHOLFVLQEDVHPHQWURFNVEXWKHDOVRHYLGHQFHD+3PHWDPRUSKLFHYHQWLQWKHSRVW9DULVFDQ
URFNVRIWKHPRVWLQWHUQDOSDUW1DDPSKLEROHRYHUJURZLQJUHOLFPDJPDWLFKRUQEOHQGHLQWKH&RJQH
6DYDUHQFKHSOXWRQ DQGSVHXGRPRUSKV DIWHU MDGHLWH LQ3HUPLDQPHWDVHGLPHQWV ,Q WKLV VWXG\RQO\
VDPSOHVIURPWKHPRPRPHWDPRUSKLFVHGLPHQWDU\FRYHURIWKHGLIIHUHQWXQLWVZKLFKDOORZIRUD
FOHDUDWWULEXWLRQRIWKHPHWDPRUSKLFJUDGHWRWKH$OSLQHPHWDPRUSKLFF\FOHDUHSUHVHQWHGLQRUGHU
WRFRQWULEXWHWRWKLVGLVFXVVLRQ
*HRORJLFDOVHWWLQJ
7KHLQYHVWLJDWHGDUHDH[WHQGVDORQJWKH(&256&523VHLVPLFOLQHIURPWKH3W6W%HUQDUG
SDVVLQWKH1:WRWKHERUGHURIWKH*UDQ3DUDGLVRPDVVLILQWKH6()LJDQGLWFRYHUVPRVWRI
WKH%ULDQoRQQDLVXQLWVRIWKHQRUWKHUQ:HVWHUQ$OSV,QWKH1:WKH=RQH+RXLOOqUHXQLWUHSUHVHQWV
WKHPRVW H[WHUQDOSDUWRI WKH%ULDQoRQQDLVSDOHRJHRJUDSKLFGRPDLQZKLFK LV VHSDUDWHG IURP WKH
9DODLVDQXQLWVE\ WKH+RXLOOHU)URQW 1LFRODV HW DO )JHQVFKXKHW DO 7RZDUGV WKH
6(IROORZVWKHPRUHLQWHUQDO5XLWRUXQLWZKLFKLV LVFODVVLFDOO\GLYLGHGLQWRDQH[WHUQDO³5XLWRU
H[WHUQH´DQGDQLQWHUQDOSDUW³5XLWRULQWHUQH´UHVSHFWLYHO\&DE\7KH,QWHUQDOXQLWVWLOO
IXUWKHUWRWKH6(LVVHSDUDWHGIURPWKHXQGHUO\LQJ3LHPRQW/LJXULD3/RFHDQLFXQLWE\DUHIROGHG
IRUPHUWKUXVWUHIHUUHGWRDVWKH³(QLJPDWLFWHFWRQLFFRQWDFW´(7&E\%XFKHUHWDO,QWKLV
DUHDWKH%ULDQoRQQDLVXQLWLVFRPSRVHGRIWKUHHGLIIHUHQW]RQHV
)LJXUH3DOHRJHRJUDSKLF
GRPDLQVRIWKH:HVWHUQ$OSV
7KHUHFWDQJOHLQGLFDWHVWKH
VWXGLHGDUHD
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
=RQH+RXLOOqUHXQLW
7KLVXQLWLVFKDUDFWHULVHGE\D3DOHR]RLFVHTXHQFHRIFRQWLQHQWDOGHSRVLWV)DEUH7KH
ORZHUSDUWRIWKLVVHTXHQFHFRQVLVWVRIEODFNVFKLVWVZLWKDQWKUDFLWLFOHQVHVDQGDUNRVHV1DPXULHQWR
6WHIDQLHQLQDJH)H\V*HUEHU7KHXSSHUSDUWLVGRPLQDWHGE\DUNRVHVDQGFRQJORPHUDWHV
SUREDEO\RI6WHIDQR$XWXQLHQDJH)DEUH7KHFODVWVPDLQO\FRQVLVWRISRO\FU\VWDOOLQHTXDUW]
PLFDVFKLVWV DQGSDUDJQHLVVHV7KH ODWWHU GLVSOD\ D SRO\SKDVHPHWDPRUSKLF LPSULQW 'HVPRQV	
0HUFLHU  $ 3HUPR7ULDVVLF VHTXHQFH GLVFRUGDQWO\ RYHUOLHV WKLV &DUERQLIHURXV VHTXHQFH
(OOHQEHUJHU(OWHU'XULQJWKH$OSLQHGHIRUPDWLRQWKH=RQH+RXLOOqUHZDVGHFRXSOHG
IURPLWVIRUPHUEDVHPHQWZKRVHSUHVHQWGD\SRVLWLRQUHPDLQVXQNQRZQVLQFHLWGRHVQRWRXWFURSDW
WKHHDUWK¶VVXUIDFH'HVPRQV	0HUFLHUÜ%XFKHUHWDO
5XLWRUXQLW
7KH 5XLWRU XQLW GRPLQDQWO\ FRQVLVWV RI SUH3HUPLDQ JDUQHWPLFDVFKLVWV DQG SDUDJQHLVVHV
ZLWKDEXQGDQWLQWHUFDODWHGPHWDEDVLWHV%DXGLQ7KHUHLVGH¿QLWHO\DQ$OSLQHPHWDPRUSKLF
RYHUSULQW &DE\  EXW VRPH UHOLFWV RI SUHDOSLQH PHWDPRUSKLVP VXUYLYHG WKH DOSLQH F\FOH
%RTXHW,WVVHGLPHQWDU\FRYHULVPDGHXSE\DWKLQ3HUPR7ULDVVLFVHTXHQFH'HEHOPDVHWDO
EFRQVLVWLQJRI³9HUUXFDQR´W\SHFRQJORPHUDWHV7UPS\DWWKHEDVHIROORZHGE\ORZHU
7ULDVVLFPHWDDUNRVHVZKLFKDUHVWUDWLJUDSKLFDOO\RYHUODLQE\TXDUW]SK\OOLWHVDQGDQNHULWHEHDULQJ
PLFDVFKLVWV%DXGLQ*RXIIRQ8ODUGLF7KLVVHTXHQFHFURSVRXWWKURXJKRXWWKH
HQWLUH9DOJULVHQFKH)LJ
7KHH[LVWHQFHRIDVHSDUDWLRQRIWKH5XLWRUXQLWLQWRDQH[WHUQDODQGDQLQWHUQDOSDUWLVGHEDWHG
VLQFHWKHUHLVQRXQHTXLYRFDOWHFWRQLFFRQWDFW'HVPRQV	0HUFLHUTXHVWLRQWKLVVHSDUDWLRQ
6RPHDXWKRUVKDYHPDGHDVHSDUDWLRQEDVHGRQWKHGRPLQDQWPLQHUDODVVHPEODJHVDOSLQHYVSUH
DOSLQH'HEHOPDVHWDODZKLOHRWKHUVKDYHXVHGLQWHQVLW\RIDOSLQHGHIRUPDWLRQDVDFULWHULRQ
LH*RXIIRQIRUGH¿QLQJDERXQGDU\EHWZHHQWZRSDUWVRIWKH5XLWRUXQLW+RZHYHU%XFKHUHW
DOVKRZHGWKDWWKHFULWHULDDUHTXHVWLRQDEOHDQGLQWHUSUHWHGEDVHGVWUXFWXUDODQGVWUDWLJUDSKLFDO
GDWDRQO\RQHXQLW
,QWHUQDOXQLW
7KH,QWHUQDOXQLW³=RQD,QWHUQD´RUWKH³%ULDQoRQQDLVLQWHUQH´FRUUHVSRQGVWRWKH9DQRLVH
0RQW3RXUULXQLWIRXQGIXUWKHUVRXWK(OWHU1RUWKZDUGVWKH,QWHUQDOXQLWZDVFRUUHODWHGZLWKWKH
0RQW)RUWXQLW*RXIIRQ,W¶VPDGHXSRIDORZHUSDUWIRUPHGE\SDUDJQHLVVHVDQGPLFDVFKLVWV
ZLWKDSRO\PHWDPRUSKLFKLVWRU\%RTXHW&LJROLQLDQGRIDPRQRPHWDPRUSKLFXSSHU
SDUWWKDWFRQVLVWVRIORZHU3HUPLDQWR0HVR]RLFIRUPDWLRQV$FFRUGLQJWR$PVWX]WKH
ORZHUSDUWLVPDLQO\RIYROFDQRFODVWLFRULJLQ7KLVVXFFHVVLRQLVLQWUXGHGE\3DOHR]RLFJUDQLWLFDQG
JUDQRGLRULWLFERGLHVLHWKH&RJQH9DOVDYDUDQFKHJUDQRGLRULWH%HUWUDQGHWDO
/HXFRFUDWLFJQHLVVHVGH¿QHWKHEDVLVRIWKHPRQRPHWDPRUSKLFXSSHUSDUW7KHVHDUHIROORZHG
E\DW\SLFDO3HUPR7ULDVVLFVHTXHQFHFRQVLVWLQJRIFRQJORPHUDWHV³9HUUXFDQR´TXDU]LWLFPHWD
VDQGVWRQHVLPSXUHTXDU]LWHVDQGDQNHULWHEHDULQJPLFDVFKLVWV7KH\RXQJHU0HVR]RLFFRYHULVRQO\
SUHVHUYHGLQWKHVRXWKHUQSDUWRIWKHVWXG\DUHD$GDWWHHWDO6DDGL

&KDSWHU

0LQHUDODQGZKROHURFNFKHPLVWU\
0HWKRGVRILQYHVWLJDWLRQ
7KHPLQHUDOFRPSRVLWLRQVZHUHGHWHUPLQHGZLWKD-(2/-;$HOHFWURQPLFURSUREHDWWKH8QLYHUVLW\RI
%DVHON9Q$352=$FRUUHFWLRQSURFHGXUHXVLQJZROODVWRQLWH6L&DDOELWH1D$OJUDIWRQLWH0Q)HUXWLOH
7LDOELWH1DRUWKRFODVH.2OLYLQH0JDVVWDQGDUGV7KHVWUXFWXUDOIRUPXODHZHUHFDOFXODWHGIRUFKORULWHRQ
R[\JHQVIRUSKHQJLWHRQR[\JHQVIRUFKORULWRLGRQR[\JHQVIROORZLQJ&KRSLQHWDOIRU1DDPSKLEROH
RQFDWLRQVDQGRQR[\JHQVIRUJDUQHWRQR[\JHQVDQG)HLVFDOFXODWHGIURPWKHGH¿FLWLQ$OLQWRRFWDKHGUDO
VLWH
%XON URFNFRPSRVLWLRQVZHUHGHWHUPLQHGRQPHOWHGSHOOHWVE\;5)XVLQJD%UXFNHU$;6656DW WKH
*HRFKHPLFDO/DERUDWRU\LQ%DVHO1RPDMRUOD\HULQJZDVREVHUYHGLQWKLQVHFWLRQVDQGWKHUHIRUHEXONURFNFKHPLVWULHV
ZHUHWDNHQIRUPDGMRLQLQJSDUWVRIWKHURFNVDPSOHZLWKRXWDIXUWKHUYROXPHUHGXFWLRQH[FHSWIRUVDPSOH9JD
6DPSOHVHOHFWLRQDQGZKROHURFNFKHPLVWU\
,QWKHZKROHDUHDIURPWKH=RQH+RXLOOqUHWRLQWKH3HUPR7ULDVVLFFRYHUWKHLQGH[PHWDPRUSKLF
PLQHUDODVVHPEODJHLVFRPSRVHGRIFKORULWRLGJDUQHWDQGZKLWHPLFDVFKORULWH)LJ2QO\IHZ
VDPSOHVFRQWDLQ1DDPSKLEROHV
)RXUVDPSOHVRQHRI WKH=RQH+RXLOOqUHXQLWRQHRI WKH5XLWRUXQLWDQGWZRRI WKH,QWHUQDOXQLW
VKRZLQJ ZHOO SUHVHUYHG PLFURVWUXFWXUHV DQG HDUO\ PHWDPRUSKLF VWDJH PLQHUDO DVVHPEODJH ZHUH
VHOHFWHGIRUGHWDLOHG37LQYHVWLJDWLRQV,QWKHPHDQWLPHDPLFURVWUXFWXUDOVWXG\LVFDUULHGRXWLQRUGHU
WRFRQVWUDLQWKHWHFWRQLFHYROXWLRQSURSRVHGE\%XFKHUHWDO$GHWDLOHGVWXG\RI¿YHGLIIHUHQW
VDPSOHVFRPLQJIURPPHWDVHGLPDQWDU\FRYHURIHDFK]RQHZLOOEHSUHVHQWHGLQWKHIROORZLQJ7KH
EXON URFNGDWDRI WKH VWXGLHGVDPSOHVDUH VXPPDUL]HG LQ7DEOH DQG UHSUHVHQWDWLYHPLFURSUREH
DQDO\VHVDUHJLYHQLQ7DEOH
$¿UVWVDPSOH5XLFROOHFWHGLQWKHLQWHUQDO=RQH+RXLOOqUHXQLWQHDUWKHWHFWRQLFFRQWDFWWRWKH
5XLWRUXQLW LVDKLJKO\GHIRUPHGPHWDDUNRVH IURPWKH6WHIDQR$XWXQLHQ LH WKHXSSHUVHTXHQFH
RI WKH&DUERQLIHURXVVHGLPHQWV7KLV$OULFK $O2PHWDDUNRVHFRQWDLQV WRRI
IHUURPDJQHVLDQ )H20J20Q2 DQG DONDOLQH .21D2 LQGLFDWLQJ EXON URFN FKHPLVWU\
LQWHUPHGLDWH EHWZHHQ SXUH VDQGVWRQH DQG SHOLWH )LJ  6DPSOH &HUH LV IURP WKH 3HUPR
7ULDVVLFFRYHUSLQFKHGLQWKH5XLWRUXQLWZKLFKLVFURSSLQJRXWEHWZHHQ3ODQDYDODQGWKH7RXUGH
7LJQHW)LJ%XFKHUHWDOIRUDGHWDLOHGGLVFXVVLRQ,WVEXONURFNFKHPLVWU\LVW\SLFDO
IRUPHWDSHOLWHVLHSRRUHULQ6L2FRPSDUHGWRVDPSOH5XL)LJ7KHWKLUGVDPSOH9JD
GHULYHV IURPWKH3HUPR7ULDVVLFFRYHUVHTXHQFHRI WKH,QWHUQDOXQLW LQ WKHDUHDRI WKHXSSHUPRVW
9DOJULVHQFKH7KHIRXUWKRQH&UHW	6%FRPHVIURPXSSHU3HUPLDQTXDUW]LWHFURSSLQJ
RXWLQWKH9DOGL5KrPHV)LJ
1RWHWKDWDOWKRXJKVDPSOHV&HUH9JD&UHW	6%DOOGHULYHIURPWKH3HUPR
7ULDVVLF VHTXHQFH WKH\ VKRZ GLIIHUHQW ZKROH URFN FRPSRVLWLRQV )LJ  GXH WR WKHLU GLIIHUHQW
VWUDWLJUDSKLFDJH:KHUHDVVDPSOH&HUHLVDORZHU7ULDVVLFTXDUW]SK\OOLWHZLWKDPHWDSHOLWLF
ZKROHURFNFRPSRVLWLRQVDPSOH9DJEHORQJVWRWKHXSSHU3HUPLDQ³9HUUXFDQR´IDFLHVDQGLV
RIDQLQWHUPHGLDWHZKROHURFNFRPSRVLWLRQEHWZHHQPHWDSHOLWHDQGPHWDVDQGVWRQH)LJ6DPSOH
&UHWKDVDW\SLFDOTXDUW]LWHFRPSRVLWLRQ)LJ
6DPSOHGHVFULSWLRQDQGPLFURVWUXFWXUHV
6DPSOH5XL
3HWURORORJ\6DPSOH5XLLVDKLJKO\GHIRUPHGPHWDFRQJORPHUDWHIURPWKH=RQH+RXLOOqUHXQLW
)LJ0LQHUDOVDUHSKHQJLWHFKORULWHJDUQHWFKORULWRLGDQGTXDUW]WKHPDLQIROLDWLRQEHLQJPDLQO\
GH¿QHGE\TXDUW]SKHQJLWHDQGFKORULWH)LJD5HOLFVRI0QULFKJDUQHWSKHQJLWHFKORULWHDQG

0HWDPRUSKLFHYROXWLRQRIWKH%ULDQoRQQDLVXQLWVLQWKH:HVWHUQ$OSV
FKORULWRLGRFFXULQWKHPDLQIROLDWLRQ)LJE*DUQHWVKRZVQR]RQLQJDQGWKH0QULFKFRPSRVLWLRQ
;6SVa;$OPa;3US;*UVa)LJDLVW\SLFDOIRUORZJUDGHPHWDPRUSKLFFRQGLWLRQV
LH6SHDU,QWKHVHVPDOOJDUQHWVaPLQFOXVLRQVRIFKORULWRLGDUHREVHUYDEOH;0Ja
;0Q!7DE&KORULWRLGKDVDKLJK0QFRQWHQW LQGLFDWLQJDVWURQJLQWHUDFWLRQZLWK WKHKRVW
PLQHUDOJDUQHW7ZRPLQHUDORJLFDODVVHPEODJHVFDQEHGLVWLQJXLVKHG LQ WKLV VDPSOH WKH¿UVWRQH
^`LVFRPSRVHGRIJDUQHWFKORULWRLGSKHQJLWHFKORULWHDQGTXDUW]ZKLOHDVHFRQGRQH^`LVRQO\
FRPSRVHGRIDVHFRQGJHQHUDWLRQRISKHQJLWHFKORULWHDQGTXDUW]$GGLWLRQDOO\DOELWHRYHUJURZVWKH
PDLQIROLDWLRQGXULQJDODWHVWDJH6XFKODWHDOELWHJURZWKLVDFRPPRQREVHUYDWLRQLQWKHQRUWKHUQ
ZHVWHUQ$OSV'HVPRQVHWDOF
0LFURVWUXFWXUHV )LJXUH D VKRZV WKH LQWHQVH PDLQ IROLDWLRQ 6 GH¿QHG E\ PDLQO\ TXDUW] DQG
FKORULWH*DUQHW DSSHDUV DV SRUSK\URFODVWVZLWKLQ WKH6 IROLDWLRQ7KHPHWDVWDELOLW\ RI JDUQHW LQ
WKH6IROLDWLRQLVLQGLFDWHGE\WKHRYHUJURZWKRIFKORULWHDQGSKHQJLWH)LJE)XUWKHUPRUHWKH
LUUHJXODUJUDLQERXQGDU\RIJDUQHWLQGLFDWHVWKDWWKLVPLQHUDOSUHGDWHVWKHPDLQGHIRUPDWLRQHYHQW
'&KORULWRLGLVRQO\REVHUYHGDVLQFOXVLRQVLQJDUQHWDQGLVWKHUHIRUHDOVRDWWULEXWHGWRDVVHPEODJH
^`,QVXPPDU\WKHVHFOHDUUHODWLRQVKLSVDOORZIRUDWWULEXWLQJPLQHUDODVVHPEODJH^`FRPSRVHG
RISKHQJLWHFKORULWRLGJDUQHWFKORULWHDQGSKHQJLWHWRWKH¿UVWGHIRUPDWLRQSKDVH'7DE,Q
FRQWUDVWDVVHPEODJH^`RQO\FRQVLVWLQJRISKHQJLWHDQGFKORULWHGH¿QHVWKHPDLQIROLDWLRQ6DQG
LVWKHUHIRUHDVFULEHGWR'7DE
)LJXUH7HUQDU\GLDJUDPV6)$DQG$&)IRUWKHEXONURFNFRPSRVLWLRQVRIVWXGLHGVDPSOHV6HHGHWDLOVLQWKHWH[W
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7DEOH%XONURFNFRPSRVLWLRQVRIWKHLQYHVWLJDWHGVDPSOHV
&KDSWHU

6DPSOH&HUH
3HWURORORJ\7KLVVDPSOHZDVFROOHFWHGLQDQLQWHUPHGLDWHVWUXFWXUDOSRVLWLRQRIWKH5XLWRUXQLWIURP
WKH3HUPR7ULDVVLFFRYHURIWKH5XLWRUXQLW)LJ7KHRFFXUULQJPLQHUDOVDUHFKORULWRLGJDUQHW
SKHQJLWH SDUDJRQLWH FKORULWH FOLQR]RLVLWH TXDUW] E DQG DFFHVVRU\ RSDTXH PLQHUDOV &KORULWRLG
LVRYHUSULQWHGE\WKHPDLQIROLDWLRQGH¿QHGE\SKHQJLWHFKORULWHDQGFOLQR]RLVLWHDQGIRUPVUHOLF
IROGKLQJHV)LJF)XUWKHUPRUHRYHUJURZWKRIFKORULWRLGE\FOLQR]RLVLWHLQGLFDWHVWKDWWKHPDLQ
IROLDWLRQSRVWGDWHVFKORULWRLGJURZWK)LJG7ZRSKHQJLWHSRSXODWLRQVDUHPLFURVWUXFWXUDOO\DQG
FKHPLFDOO\GLVWLQJXLVKDEOH$GHWDLOHGFRPELQHG(03DQGPLFURVWUXFWXUDODQDO\VLVRIWKHGLIIHUHQW
SKHQJLWHSRSXODWLRQVIURPWKLVVDPSOH LVFDUULHGRXW LQD7KH¿UVWSRSXODWLRQ'SUHVHUYHGDV
PLFUROLWKRQVLVFKDUDFWHUL]HGE\KLJK6LFRQWHQWV!SIXZKLOHWKH6LFRQWHQWRIWKHVHFRQG
SRSXODWLRQIRUPHGGXULQJ'UDQJHVIURPWRSIX$OWKRXJKQRWDOZD\VHDV\WRGHWHFWDWKLUG
SRSXODWLRQRISKHQJLWHFDQEHLQWHUSUHWHGDVGHWULWLFDOJUDLQVZKLFKVXUYLYHGWKHDOSLQHPHWDPRUSKLF
F\FOH%XFKHU
&KORULWRLGDQGJDUQHWVKRZUDWKHUFRQVWDQWFRPSRVLWLRQVZLWKDKLJK)HFRQWHQW,QWKHFKORULWRLG
;0J YDULHV EHWZHHQ DQGZKLOH JDUQHW LV DOPDQGLQH±ULFK ZLWK DURXQGRI
JURVVXODUVSHVVDUWLQHDQGS\URSHFRPSRQHQW)LJD)URPWKHVHREVHUYDWLRQVWZRPHWDPRUSKLF
VWDJHVFDQEHGLVWLQJXLVKHGLQWKLQVHFWLRQWKH¿UVWRQH^`FKDUDFWHULVHGE\WKHDVVRFLDWLRQRI*UW
3KH3J&WGDQGWKHVHFRQGRQH^`ZLWK3KH&KO&]R
0LFURVWUXFWXUHV$VVKRZQLQ)LJXUHFFKORULWRLGLVDOLJQHGZLWKLQD¿UVWIROLDWLRQ6SUHVHUYHG
LQUHOLFIROGKLQJHVIRUPHGGXULQJ'LHZKHQWKHPDLQIROLDWLRQ6IRUPHG7KHPDLQIROLDWLRQ
6 LV GH¿QHG E\ SKHQJLWH FKORULWH DQG FOLQR]RLVLWH )LJXUH I VKRZV D WRSWRWKH: VKHDU EDQG
DVVRFLDWHGZLWKV\QNLQHPDWLFDOJURZWKRIFKORULWH1RWHWKDWWKHVKHDUSODQHGLVVHFWVFKORULWRLG7KHVH
REVHUYDWLRQVDOORZDWWULEXWLQJWKHDVVHPEODJH^`WRWKH¿UVWGHIRUPDWLRQSKDVH'DQGDVVHPEODJH
^`WRWKH'HYHQW7DE
6DPSOH 5XL &HUH 9JD &UHW
0LQHUDO 3KH *UWFRUH *UWULP &WG 3KH *UW &KO &WG 3KH *UW *OQ 3KH *UW &WG
6L2              
7L2              
$,2              
)H2              
0Q2              
0J2              
&D2              
1D2              
.2              
7RWDO              
6L              
7L              
$O              

)H              
)H              
0Q              
0J              
&D              
1D              
.              
7DEOH5HSUHVHQWDWLYHVPLFURSUREHDQDO\VLV

0HWDPRUSKLFHYROXWLRQRIWKH%ULDQoRQQDLVXQLWVLQWKH:HVWHUQ$OSV
6DPSOH9JD
3HWURORORJ\6DPSOH9JDGHULYHVIURPWKHFRYHURIDQH[WHUQDOSDUWRIWKH,QWHUQDOXQLW)LJ
7KHRFFXUULQJPLQHUDOVDUHJODXFRSKDQHSKHQJLWHSDUDJRQLWHJDUQHWFKORULWHTXDUW]DQGPLQRU
DPRXQWVRIRSDTXHSKDVHV*ODXFRSKDQHJDUQHWSDUDJRQLWHDUHDVVRFLDWHGZLWKD¿UVWJHQHUDWLRQRI
SKHQJLWHDQGUHSUHVHQWSHDNSUHVVXUHFRQGLWLRQV$EXQGDQWFKORULWHRYHUJURZVJODXFRSKDQHZKLFK
KDVDUDWKHUFRQVWDQW;)HRI)LJE*DUQHWVVKRZQR]RQLQJLQWKHLUFKHPLFDOFRPSRVLWLRQ
;$OPa ;*UVa ;3USa DQG ;6SVa VHH )LJ D EXW DUH VWURQJO\ UHWURJUHVVHG LQWR
FKORULWHVWKDWGH¿QHWKHPDLQIROLDWLRQ6LQDVVRFLDWLRQZLWKDVHFRQGJHQHUDWLRQRISKHQJLWH'HVSLWH
WKHSUHVHQFHRIFKORULWHWKH+3PLQHUDODVVHPEODJHLVGRPLQDWLQJLQWKLVVDPSOH7KHVDPHPLQHUDO
DVVHPEODJHEXWZLWKRXWJDUQHWRFFXUVDOVRVRXWKRIWKH*UDQG6DVVLqUHNOLSSHZLWKLQZKLWHTXDUW]LWHV
)LJ
0LFURVWUXFWXUHV)LJXUHJVKRZV WKDWFKORULWHJURZV LQH[SHQVHRIJODXFRSKDQH VXJJHVWLQJ WKDW
FKORULWHLVWKHVWDEOHPLQHUDOLQWKHPDLQIROLDWLRQ6,QPDQ\FDVHVGXHWRWKHLQWHQVHWUDQVSRVLWLRQ
GXULQJ'JODXFRSKDQHDOVRDSSHDUVWREHDOLJQHGLQWKHPDLQIROLDWLRQDOWKRXJKLWIRUPHGHDUOLHU
%DFNVFDWWHULPDJHV)LJVKIFOHDUO\VKRZWKDWFKORULWHLVWKHVWDEOHPLQHUDOLQWKHPDLQIROLDWLRQ
JURZLQJLQH[SHQVHRIJODXFRSKDQH)LJLDQGJDUQHW)LJK+HQFHRQO\FKORULWHLVVWDEOHLQ
WKHPDLQ IROLDWLRQ6 ,Q FRQFOXVLRQPLQHUDO DVVHPEODJH JDUQHW JODXFRSKDQH SKHQJLWH  DQG
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IROORZLQJSHDNSUHVVXUHFRQGLWLRQV
'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)URP+3WRODWHVWDJHGHIRUPDWLRQ

&KDSWHU
)URP+3WRODWHVWDJHGHIRUPDWLRQ'DWLQJWKHWHFWRQRPHWDPRUSKLFHYROXWLRQ
DORQJDWUDQVHFW(&256&523WKURXJKWKH,WDOLDQ)UHQFK:HVWHUQ$OSV
6WHIDQ%XFKHU,JRU09LOOD,OND&.OHLQKDQQV/XNDV0.HOOHU5RPDLQ%RXVTXHW6WHIDQ
06FKPLG
'HSDUWHPHQWRI(DUWK6FLHQFHV8QLYHUVLW\RI%DVHO%HUQRXOOLVWU&K%DVHO6ZLW]HUODQG
6WHIDQ%XFKHU#XQLEDVFK
,VRWRSHQJHRORJLH,QVWLWXWIU*HRORJLH(UODFKVWUD8QLYHUVLW\RI%HUQH&K%HUQ6ZLW]HUODQG
$EVWUDFW
$ORQJWKH1:6(UXQQLQJ(&256&523SUR¿OHGRPDLQLQWKH:HVWHUQ$OSVZKLWHPLFDVIURP
VDPSOHVFRYHULQJDVHFWLRQIURPWKH=RQH+RXLOOqUHWRWKH3LHPRQW/LJXULDRFHDQLFXQLWKDYHEHHQDQDO\VHG
E\$U$UVWHSZLVHKHDWLQJ$JHVGHFUHDVHIURPFD0DLQWKHZHVWHUQPRVWVDPSOHV=RQH+RXLOOqUH
ZKLFKUHDFKHGFD&WR0DLQWKHLQWHUQDOXQLWVWRWKH(DVWZKRVHSHDNPHWDPRUSKLFWHPSHUDWXUHV
ZHUH FD & ,Q FRQYHQWLRQDO ³WKHUPRFKURQRORJ\´ WKLV LV D FODVVLFEXWSDUDGR[DQGXQOLNHO\FDVHRI
&UHWDFHRXV(R$OSLQHKLJKSUHVVXUHPHWDPRUSKLVPJLYLQJ\RXQJHU³FRROLQJDJHV´LQWKHKLJKHUWHPSHUDWXUH
VDPSOHV ,Q WKLV WKHRUHWLFDO IUDPHZRUN(RFHQH/X+IDQG6P1GDJHVFDQQRWEXWEH LQWHUSUHWHGDVSRVW
PHWDPRUSKLFFRROLQJDJHV
+RZHYHU LI RQH IRFXVHV RQ SHWURORJ\ LW LV VHHQ WKDW IURP:HVW WR (DVW WKHUH LV DPLQHUDORJLFDO
GLIIHUHQFH 6DPSOHV IURP WKH =RQH +RXLOOqUH PRVWO\ FRQWDLQ GHWULWDO PLFDV SURJUHVVLQJ HDVWZDUG KLJK
SUHVVXUHPLFDVZLWK6L!EHFRPHPRUHDEXQGDQW$FURVVWKHZKROHWUDYHUVH'PLFDVFRUUHODWHZLWK+3
FRQGLWLRQVDQG'PLFDVZLWKH[KXPDWLRQDQGQDSSHVWDFNLQJXQGHUJUHHQVFKLVWIDFLHVFRQGLWLRQV7KXVWKH
SHWURORJ\UHFRUGVDYDULDEOHIUHH]LQJRIDQHYROXWLRQIURPDGHWULWXVGRPLQDWHGVHGLPHQWDWLRQ]RQHWR+3/7
VXEGXFWLRQDQGH[KXPDWLRQYLDJUHHQVFKLVW IDFLHVK\GURXV UHWURJUHVVLRQ+3SKHQJLWLFPLFDV IRUPWKH'
IROLDWLRQDUHYHU\RIWHQFRUURGHGDQGRYHUJURZQLQWHUJURZQE\6LSRRUHU'PLFDV,WLVLPSRUWDQWWRSRLQW
RXWWKDW'UHFU\VWDOOL]DWLRQLVQRWRQO\OLPLWHGWRWKH6VFKLVWRVLW\VHQVXVWULFWREXWSHUYDGHVSVHXGRPRUSKV
DQGFU\VWDOVWKDWPLFURVFRSLFDOO\ZRXOGEHPLVWDNHQIRUWKH'JHQHUDWLRQ$XVHIXOGLVFULPLQDQWLVWKH&O
FRQFHQWUDWLRQLQZKLWHPLFDDVWKH'UHWURJUHVVLRQZDVDVVRFLDWHGWRDK\SRVDOLQHÀXLG
2QFHWKHSHWURORJLFDOVWDJHLVVHWJHRFKURQRORJ\LVVWUDLJKWIRUZDUG$OOVDPSOHVFRQVLVWRIPL[WXUHV
RIGHWULWDO'DQG'PLFDVEXWLQJUHDWO\YDU\LQJSURSRUWLRQVDFFRUGLQJWRWKHORFDO37$;GFRQGLWLRQV7KH
DJH&O.FRUUHODWLRQFOHDUO\LGHQWL¿HV0DDVWKHDJHRI'PLFDVDORQJWKHZKROHWUDYHUVHDQG
0DSRVVLEO\ORFDOO\YDULDEOHDVWKHDJHRIWKHJUHHQVFKLVWIDFLHVORZ6LPLFDJHQHUDWLRQ7KHFRH[LVWHQFHRI
'DQG'DJHVDQGWKHFRQVWDQF\RIWKHIRUPHUDORQJWKH(&256&523SUR¿OHDUHVWURQJHYLGHQFHWKDW
DOOZKLWHPLFDVUHFRUGIRUPDWLRQDJHV,W LVRQO\XQGHUWKHVHDVVXPSWLRQVWKDW WKHSURJUDGH(RFHQH/X+I
JDUQHWFDQEHYLHZHGDVIRUPDWLRQDJHV5HJDUGLQJWKHOLWHUDWXUHGDWDLWLVTXLWHHDV\WRKDUPRQL]HWKHPLQWKH
SUHVHQWSHWURORJLFDODQGJHRFKURQRORJLFDOIUDPHZRUN
.H\ZRUGV
:HVWHUQ$OSV(&256&523SUR¿OH+LJKSUHVVXUHGHIRUPDWLRQDJHVGLVHTXLOLEULXPWH[WXUHVGDWLQJUHWURJUDGH
UHDFWLRQV/X+I.$UFRPSDULVRQ
&KDSWHU

,QWURGXFWLRQ
4XDQWLI\LQJ UDWHV RI SURFHVVHV GXULQJ WKH HYROXWLRQ RI RURJHQV UHTXLUHV GDWLQJ 2QH
FKDOOHQJLQJWDVN LVGDWLQJGHIRUPDWLRQSKDVHV LQ ODUJHEDVHPHQWFRYHUDVVHPEOLHV WKDWXQGHUZHQW
SRO\SKDVHPHWDPRUSKLVP0DQ\ OLWHUDWXUH VWXGLHV RQO\ DGGUHVVHG IRU H[DPSOH WKH GHIRUPDWLRQ
KLVWRU\RUVLQJOHSRLQWVDORQJD37SDWKZLWKLQDVLQJOHWHFWRQLFXQLWEXWRIWHQGLGQRWIXOO\LGHQWLI\
WKH VWUXFWXUDO DQGRU FKURQRORJLFDO SHUVSHFWLYH IRU WKH ODFN RI D VXI¿FLHQWO\ EURDG FRQWH[W$V D
FRQVHTXHQFHWKHUHDURVHODUJHLQFRQVLVWHQFLHVDVZHOODVGLVFXVVLRQVDERXWWKHHYROXWLRQRIRURJHQV
LQJHQHUDORUWKHPHDQLQJRIJHRFKURQRORJLFDOGDWD1HZWHFKQLTXHVVXFKDVODVHUDEODWLRQLQVLWX
GDWLQJDUHVRPHWLPHVUHJDUGHGPRUHUHOLDEOHWKDQFODVVLFPHWKRGV+RZHYHUWKHYHU\UHFHQWOLWHUDWXUH
GRFXPHQWVWKDWDOVRWKHVHPHWKRGVKDYHWKHLUOLPLWDWLRQVHVSHFLDOO\LQ\RXQJPHWDPRUSKLFWHUUDLQV
VXFKDVWKH$OSV7KHSUHFLVLRQVXIIHUVIURPORZFRQFHQWUDWLRQVRIUDGLRJHQLFLVRWRSHVDQGWKHVL]H
RIWKHPHWDPRUSKLFPLQHUDOVLVRIWHQVPDOOHUWKDQWKHHIIHFWLYHVSDWLDOUHVROXWLRQRIWKHODVHUDEODWLRQ
YROXPH$JDUGHWDO&KDOODQGHVHWDO2QWKHRWKHUKDQGODVHUDEODWLRQVWXGLHVFOHDUO\
VKRZWKDWGLIIHUHQWSRSXODWLRQDUHRIWHQSUHVHQWHYHQRQWKHVFDOHRIDWKLQVHFWLRQ
,QWKLVOLJKWWKH$U$UVWHSKHDWLQJWHFKQLTXHWRJHWKHUZLWKWKHSRVVLELOLW\RIWKHFKHPLFDO
FRQWUROLVDVWURQJWRROIRUGHWHFWLQJWKH³WUXH´IRUPDWLRQDJHRIWKHGLIIHUHQWSRSXODWLRQV9LOODHW
DO9LOOD'LIIHUHQWVWXGLHVVKRZHGWKDWLQFUHPHQWDOKHDWLQJDQGVLQJOHVSRWIXVLRQ
DUHFRPSOHPHQWDU\PHWKRGVSURGXFLQJFRQVLVWHQWUHVXOWV3KLOLSSRWHWDO0OOHUHWDO
&KDOODQGHVHWDO$UHFHQWVXPPDU\0OOHUGLVFXVVHVWKHJHQHUDOSULQFLSOHVRILVRWRSLF
GDWLQJ5HJDUGLQJWKHUHWHQWLYLW\RIZKLWHPLFDPRGHUQHPSLULFDOGDWDRIYHU\KLJKTXDOLW\KDYHEHHQ
UHYLHZHGE\'L9LQFHQ]RHWDODQGUHIHUHQFHVWKHUHLQ+HQFHLQYHVWLJDWLRQVRQURFNV
ZLWKNQRZQPHWDPRUSKLFDQGVWUXFWXUDOKLVWRULHVSHUIRUPHGIURPWKHPLFURVFRSLFWRWKHUHJLRQDO
VFDOHSURYLGH WKHSRVVLELOLW\ WR VWUHQJWKHQRXUXQGHUVWDQGLQJDERXW WKHSURFHVVHV FRQWUROOLQJ WKH
EHKDYLRURILVRWRSLFV\VWHPV$VWKHGDWLQJRIWHFWRQRPHWDPRUSKLFFRQGLWLRQVUHTXLUHVDFRPELQHG
WHFWRQLFSHWURORJLFDQGLVRWRSLFVWXG\LWZLOOEHQHFHVVDU\WRHQVXUHWKDWWKHUHFRQVWUXFWHGHYROXWLRQ
LVQRWLQWHUQDOO\LQFRQVLVWHQWRULQFRQVLVWHQWZLWKFHUWDLQLQLWLDODVVXPSWLRQV
,QWKLVVWXG\ZHFROOHFWHGVDPSOHVIURPDFRQWLQXRXVVHFWLRQWKURXJKRXWWKHHQWLUH%ULDQoRQQDLV
GRPDLQIURPZKLFKQHZFRPELQHGVWUXFWXUDODQGSHWURORJLFDOGDWDDUHQRZDYDLODEOH%XFKHUHWDO
DE7KHUHE\WKHEHKDYLRURIWKH.$UV\VWHPFDQEHVWXGLHGXQGHUGLIIHUHQW37FRQGLWLRQV
DQGLQIXOOFRQWURORIWKHGHIRUPDWLRQ7KHSUHVHQWHGVWXG\QRWRQO\RIIHUVWKHRSSRUWXQLW\WRYHULI\
DQGTXDQWLI\WKHJHRG\QDPLFHYROXWLRQSURSRVHGE\%XFKHUHWDOEXWDOVRUHSUHVHQWVD
FDVHVWXG\IRUHPSLULFDOO\DVVHVVLQJWKHLPSRUWDQFHRIWKHGLIIHUHQWSURFHVVHVWKDWFRQWURO.$U
6HYHUDO DXWKRUV SURSRVHG WLPH FRQVWUDLQWV RQ WKH WHFWRQRPHWDPRUSKLF HYROXWLRQ LQ WKH
,WDOLDQ)UHQFK:HVWHUQ$OSV'DO3LD]HWDODQDO\VHGPHWDEDVLFHFORJLWHVLQWKHYHU\LQWHUQDO
SDUWRIWKH3LHPRQW/LJXULDRFHDQLFXQLWZLWKWKH$U$UVWHSKHDWLQJWHFKQLTXHDQGSURSRVHGDQ
DJHRI0DDYHUDJHRILQGLYLGXDOVDPSOHVVFDWWHULQJEHWZHHQDQG0DIRUWKH+3FRQGLWLRQV
RI WKLVXQLW7KHVHDXWKRUV LQWHUSUHWHGWKH$U$UDJHVDVIRUPDWLRQDJHVEHFDXVH5E6UGDWLQJ
\LHOGVWKHVDPHDJH7KLVODWWHULQWHUSUHWDWLRQKDVVRPHLQWHUHVWLQJLPSOLFDWLRQV)LUVWO\LIRQHDGRSWV
WKH³FORVXUHWHPSHUDWXUH7F³DSSURDFK'DO3LD]HWDO¶VVWDWHPHQWDPRXQWVWRDVVLJQLQJD7FWRWKH
.$UV\VWHPZKLFKLVQRWYHU\GLIIHUHQWIURPWKDWRIWKH5E6UV\VWHPDQGPRUHRYHUVXEVWDQWLDOO\
DERYH&6HFRQGO\LIWKHHDUO\IRUPHG+3PLQHUDOVDUHDOUHDG\LQWHUSUHWHGDVIRUPDWLRQDJHV
WKHSRVVLELOLW\RIREWDLQLQJPL[HGDJHVSURGXFHGE\WKHVXEVHTXHQWUHWURJUDGHWHFWRQRPHWDPRUSKLF
HYROXWLRQLVYHU\OLNHO\DOEHLWQRWPHQWLRQHGE\'DO3LD]HWDO(DUOLHU%XWOHUHWDOKDG
SURSRVHGDQLQWHUSUHWDWLRQRIWKHJUHHQVFKLVWIDFLHVHYROXWLRQLQWKHVDPHWHFWRQLFXQLWRQWKHEDVLV
RI5E6UPLFURVDPSOLQJDJHVRQZKLWHPLFDV7KH\XVHGWKHLUREWDLQHGDYHUDJHPLQHUDODJHRI
0DIRUGDWLQJEDFNWKUXVWLQJ+RZHYHUWKHVWUHWFKLQJOLQHDWLRQXVHGE\WKHVHDXWKRUVDVVWUXFWXUDO
FRQWUROLVUHODWHGWRQRUPDOIDXOWLQJRUUHIROGHGWKUXVWLQJE\RWKHUDXWKRUV&DE\%XFKHUHWDO
)URP+3WRODWHVWDJHGHIRUPDWLRQ

DD,QWKH=RQH+RXLOOqUHXQLWDGMDFHQWWRWKH+RXLOOHU)URQWDQGWKH9DODLVDQGRPDLQ
)JHQVFKXKHWDO)UHHPDQHWDO GDWHGZKLWHPLFDZLWK5E6U$OO WKHVHDJHVDUH
FOHDUO\SUH$OSLQHDQGVFDWWHUEHWZHHQ0DDQG0DIRUWKHPRVWLQWHUQDOGDWHGVDPSOH7KH
DXWKRUVLQWHUSUHWWKHPWREHRILJQHRXVRULJLQ
7KHDERYHPHQWLRQHGGDWDDUHWKHRQO\JHRFKURQRORJLFDOWLPHFRQVWUDLQWVDYDLODEOHUHJDUGLQJ
WKHDOSLQHHYROXWLRQ)XUWKHUGDWDDUHDYDLODEOHRQO\ZLWKLQWKH3LHPRQW/LJXULDRFHDQLFXQLWZKHUH
VWUXFWXUDOFRQWUROSURYLGHGE\OLWHUDWXUHVWXGLHVLVSRRU7KLVZRUNZLOODWWHPSWWRV\QWKHVL]HPRUH
GHWDLOHG GDWD IURP D EURDGHU DUHD LQ RUGHU WR GUDZ QHZ FRQFOXVLRQV UHJDUGLQJ WKH WHFWRQLF DQG
PHWDPRUSKLFHYROXWLRQRIWKH,WDOLDQ)UHQFK:HVWHUQ$OSV
*HRORJLFDOVHWWLQJ
,QWKHVWXGLHGDUHDVLWXDWHGDORQJWKH(&256&523VHLVPLFOLQH5RXUHHWDOIRXU
PDMRUWHFWRQLFXQLWVDUHGLVWLQJXLVKHG)LJV	6FKPLGDQG.LVVOLQJ7KHVHDUHJRLQJIURP
H[WHUQDO1:WRLQWHUQDO6(=RQH+RXLOOqUHXQLW5XLWRUXQLW,QWHUQDOXQLWDQG3LHPRQW/LJXULD
3/RFHDQLFXQLWWKH¿UVWWKUHHEHLQJGHULYHGIURPWKH%ULDQoRQQLDVSDOHRJHRJUDSKLFGRPDLQ)LJ
)DEUH(OWHU0HUFLHUDQG%HDXGRLQ&LJROLQL
7KH=RQH+RXLOOqUHLVFKDUDFWHULVHGE\D/RZHU&DUERQLIHURXVVHGLPHQWDU\VHTXHQFH)DEUH
7KHORZHUSDUWRIWKLVVHTXHQFHFRQVLVWVRIEODFNVFKLVWVZLWKDQWUDFLWLFOHQVHVDQGDUNRVHV
1DPXULHQWR6WHIDQLHQLQDJH)H\V*UpEHUZKLOHWKHXSSHUSDUWLVGRPLQDWHGE\DUNRVHV
DQG FRQJORPHUDWHV SUREDEO\ RI 6WHIDQR$XWXQLHQ DJH )DEUH $ 3HUPR7ULDVVLF VHTXHQFH
GLVFRUGDQWO\RYHUOLHVWKLV&DUERQLIHURXVVHTXHQFH(OOHQEHUJHU(OWHU
7KH5XLWRUXQLWGRPLQDQWO\FRQVLVWVRISUH3HUPLDQJDUQHWPLFDVFKLVWVDQGSDUDJQHLVVHVZLWK
DEXQGDQWLQWHUFDODWHGPHWDEDVLWHV%DXGLQ7KHUHLVGH¿QLWHO\DQ$OSLQHPHWDPRUSKLFRYHUSULQW
&DE\  EXW VRPH UHOLFV RI SUH$OSLQH PHWDPRUSKLVP VXUYLYHG WKH$OSLQH F\FOH %RTXHW
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5XLWRU PHJDIROG
)LJD*HRORJLFDOPDSRIWKHVWXG\DUHDDIWHU%XFKHUHWDOVKRZLQJWKHORFDWLRQVRIWKHVDPSOHV
%±%¶LQGLFDWHVWKHWUDFHRIWKHFURVVVHFWLRQRIEE6FKHPDWLFFURVVVHFWLRQ%±%¶PRGL¿GHGDIWHU%XFKHU
HWDODQG3±7SDWKRIGLIIHUHQWWHFWRQLFXQLWVLQWKHVWXG\DUHD3±7FRQGLWLRQVZHUHFDOFXODWHGXVLQJ
JHRFDOFVRIWZDUHIRUGHWDLOVVHH%XFKHUHWDO)XUWKHUPRUHDOOWKHVDPSOHVZHUHSURMHFWHGRQWRWKLV
FURVVVHFWLRQWRVKRZWKHLUVWUXFWXUDOSRVLWLRQ99DODLVDQRFHDQLFXQLW=+=RQH+RXLOOqUHXQLW585XLWRU
XQLW,8,QWHUQDOXQLW*3*UDQ3DUDGLVRPDVVLI3/3LHPRQW±/LJXULDQRFHDQLFXQLW(7&(QLJPDWLF
WHFWRQLFFRQWDFW
)URP+3WRODWHVWDJHGHIRUPDWLRQ

'HVPRQV,WVVHGLPHQWDU\FRYHULVPDGHXSE\DWKLQ3HUPR7ULDVVLFVHTXHQFHFRQVLVWLQJ
RI³9HUUXFDQR´W\SHFRQJORPHUDWHV7UPS\DW WKHEDVH IROORZHGE\ ORZHU7ULDVVLFPHWD
DUNRVHVZKLFKDUHVWUDWLJUDSKLFDOO\RYHUODLQE\TXDUW]SK\OOLWHVDQGDQNHULWHEHDULQJPLFDVFKVLVWV
8ODUGLF7KLVVHTXHQFHFURSVRXWWKURXJKRXWWKHHQWLUH9DOJULVHQFKH)LJ
7KH,QWHUQDOXQLW³=RQD,QWHUQD´RIWKH,WDOLDQDXWKRUV&LJROLQLFRUUHVSRQGVWRWKH
9DQRLVH0RQW3RXUULXQLWDVGH¿QHGE\)UHQFKDXWKRUVLH&DE\1RUWKZDUGVWKLV,QWHUQDO
XQLWZDV FRUUHODWHGZLWK WKH0RQW )RUW XQLW *RXIIRQ 7KH ,QWHUQDO XQLW LVPDGH XS RI D
ORZHUSDUWIRUPHGE\SDUDJQHLVVHVDQGPLFDVFKLVWVZLWKDSRO\PHWDPRUSKLFKLVWRU\%RTXHW
&LJROLQLDQGRIDPRQRPHWDPRUSKLFXSSHUSDUWFRQVLVWLQJRIORZHU3HUPLDQWR0HVR]RLF
IRUPDWLRQV$FFRUGLQJWR$PVWX]WKHORZHUSDUWLVPDLQO\RIYROFDQRFODVWLFRULJLQ7KLV
VXFFHVVLRQLVLQWUXGHGE\3DOHR]RLFJUDQLWLFDQGJUDQRGLRULWLFERGLHVRIGLIIHUHQWVL]HLHWKH&RJQH
JUDQRGLRULWH%HUWUDQGHWDO/HXFRFUDWLFJQHLVVHVGH¿QHWKHEDVHRIWKHPRQRPHWDPRUSKLF
XSSHUSDUW7KHVHDUHIROORZHGE\DW\SLFDO3HUPR7ULDVVLFVHTXHQFHFRQVLVWLQJRIFRQJORPHUDWHV
³9HUUXFDQR´TXDU]LWLFPHWDVDQGVWRQHV LPSXUHTXDU]LWHVDQGDQNHULWHEHDULQJPLFDVFKLVWV7KH
\RXQJHU0HVR]RLFFRYHULVRQO\SUHVHUYHGLQWKHVRXWKHUQSDUWRIWKHVWXG\DUHD
7KH 3/RFHDQLF XQLW SUHGRPLQDQWO\ FRQVLVWV RI FDOFVFKLVWV 7KHVH DUH LQWHUOD\HUHG ZLWK
GLIIHUHQWDPRXQWVRIPHWDEDVLWHV(OWHU&LJROLQL7ZRGLIIHUHQWW\SHVRIPHWDEDVLWHVGR
RFFXUHFORJLWHVWKDWDUHUHWURJUHVVHGLQPRVWSODFHVDQGSUDVLQLWHV:KLOHVRPHDXWKRUVSURSRVHGD
VXEGLYLVLRQRIWKH3LHPRQW/LJXULDRFHDQLFXQLWZLWKLQRXUZRUNLQJDUHDLQWRDQHFORJLWLF³=HUPDWW
6DDV)HH´DQGDQRQHFORJLWLF³&RPELQ´SDUW'URRSHWDO%DOOqYUH	0HUOH'DO3LD]
RXUREVHUYDWLRQVLQGLFDWHWKDWERWKVXEXQLWVUHSUHVHQWDPpODQJHFRQVLVWLQJRIHFORJLWLFDQG
EOXHVFKLVWPD¿FERXGLQVHPEHGGHGLQDPDWUL[RI+3PHWDVHGLPHQWV%XFKHUHWDODE
7HFWRQRPHWDPRUSKLFHYROXWLRQ

$UHLQWHUSUHWDWLRQRI WKH WHFWRQRPHWDPRUSKLFHYROXWLRQRI WKH:HVWHUQ$OSVZDVUHFHQWO\
SUHVHQWHGE\%XFKHUHWDODDEDVHGRQQHZVWUXFWXUDODQGSHWURORJLFDOGDWD 7KUHH
SKDVHVRI$OSLQHGHIRUPDWLRQ''ZHUHIRXQGWREHDVVRFLDWHGZLWKGLIIHUHQW37FRQGLWLRQV
SUHYDLOLQJLQWKHLQGLYLGXDOXQLWV%XFKHUHWDODDQGUHIHUHQFHVWKHUHLQ
7KH'VWUXFWXUHVKDYHODUJHO\EHHQRYHUSULQWHGE\WKHVXEVHTXHQWGHIRUPDWLRQEXWUHOLFVRI
'DUHSUHVHUYHGRQWKHPDFURVFRSLFDQGPLFURVFRSLFVFDOH)RUH[DPSOHHFORJLWLFERXGLQVIURPWKH
3/RFHDQLFXQLWZLWKLQDPDWUL[RIPDLQO\JUHHQVFKLVWIDFLHVFDOFVFKLVWVSUHVHUYHGWKH6IROLDWLRQ
LQFOXGLQJWKH'PLQHUDODVVHPEODJH7KH'PLQHUDODVVHPEODJHLVDVVRFLDWHGZLWKSHDNSUHVVXUH
FRQGLWLRQV)LJ%7KH3/RFHDQLFXQLWUHDFKHVHFORJLWHIDFLHV!&FRQGLWLRQVGXULQJWKLV¿UVW
SKDVHRIGHIRUPDWLRQ)LJE3HWURORJLFDOREVHUYDWLRQVVXJJHVWDVHSDUDWLRQRI'LQDQHDUO\DQG
ODWHVWDJH7KLVEHFDXVHZKLWHPLFDLQPD¿FURFNVLVQRWVWDEOHXQGHUHFORJLWHIDFLHVFRQGLWLRQVDQG
PXVWWKHUHIRUHSRVWGDWHWKH+3PLQHUDODVVHPEODJHFRQVLVWLQJRIJDUQHWRPSKDFLWHDQGJODXFRSKDQH
7KHODWWHULVDWWULEXWHGWRWKHHDUO\VWDJHVRI'ZKLOHPLFDJURZWKFOHDUO\SUHGDWLQJ'LVLQWHUSUHWHG
WRWDNHSODFHGXULQJDODWHVWDJHRI',QWKH,QWHUQDOXQLWDQGWKH5XLWRUXQLWSUHVVXUHVUDQJHIURP
NEDUDWWHPSHUDWXUHVDURXQG&%XFKHUHWDOD)LJE
:KLOHLQWKHLQWHUQDOSDUWRIWKH=RQH+RXLOOqUHXQLW37HVWLPDWLRQVVXJJHVWNEDUDQG&
FORVHWRWKHWHFWRQLFFRQWDFWZLWKWKH5XLWRUXQLW%XFKHUHWDODEWKHH[WHUQDOSDUW
QHYHUH[FHHGHG&DVLVLQGLFDWHGE\YLWULQLWHUHÀHFWDQFHRIFRDO%XFKHUHWDOE
'UHSUHVHQWVWKHGRPLQDQWGHIRUPDWLRQHYHQWFKDUDFWHUL]HGE\LVRFOLQDOIROGVRQDOOVFDOHV
2ZLQJWRLQWHQVHWUDQVIRUPDWLRQWKHPDLQIROLDWLRQLVDFRPSRVLWHRI'DQG',QWHQVLW\RI'
GHIRUPDWLRQLVLQFUHDVLQJIURPZHVWWRHDVW'XHWRWKLVVWUDLQJUDGLHQWWKHDPRXQWRIWKHSUH$OSLQH
UHOLFVGHFUHDVHHDVWZDUGVVHHDOVR%XFKHUHWDODLQWKHH[WHUQDOSDUWRIWKH5XLWRUXQLWSUH
$OSLQHUHOLFVDUHFRPPRQ%DXGLQDQGWKH\JUDGXDOO\JHWVFDUFHULQWKHLQWHUQDOSDUWRIWKH
&KDSWHU

5XLWRUXQLWDQGLQWKH,QWHUQDOXQLW&LJROLQL7KLVVWUDLQJUDGLHQWWXUQVRXWWREHLPSRUWDQWIRU
WKHLQWHUSUHWDWLRQRI$U$UGDWLQJDVZLOOEHGLVFXVVHGLQDODWHUVHFWLRQ1RUWKQRUWKZHVWZDUGQDSSH
VWDFNLQJGXULQJ'OHGWRGHFRPSUHVVLRQWRJUHHQVFKLVWIDFLHVFRQGLWLRQV
7KH ODVW GXFWLOH GHIRUPDWLRQ SKDVH' SURGXFHG ODUJH VFDOH SRVWQDSSH IROGLQJ %XFKHU
HWDOD%XFKHUHWDOD$OO WKHPDMRUWHFWRQLFFRQWDFWVDUHFOHDUO\UHIROGHGE\'DQG
KHQFH DVFULEHG WR'7KHUHIRUH GDWLQJ RI WKHVHP\ORQLWHV DOORZV WR DVVLJQ WKH DJH WR' 1R
VXEVWDQWLDOPLQHUDOJURZWK LV HYLGHQFHGGXULQJ'&RQWLQXRXVFRROLQJ IROORZV'DQGDW DERXW
0DWHPSHUDWXUHV&ZHUHUHDFKHGDVLVLQGLFDWHGE\)7]LUFRQDJHV+XUIRUGDQG
+XQ]LNHU)JHQVFKXKDQG6FKPLG
$QDO\WLFDOWHFKQLTXHV
2XWRIDERXWWHFWRQLFDOO\DQGSHWURORJLFDOO\ZHOOFKDUDFWHUL]HGVDPSOHVZHUHVHOHFWHG
IRUGDWLQJE\$U$ULQFUHPHQWDOKHDWLQJ)URPHDFKWHFWRQLFXQLWVHYHUDOVDPSOHVSHUWDLQLQJWR
WKHVDPH37FRQGLWLRQVDQGWKHVDPHGRPLQDWLQJGHIRUPDWLRQSKDVHZHUHGDWHGVRDVWRKDYHD
UHGXQGDQWGDWDVHWWKDWDOORZVYHULI\LQJRUIDOVLI\LQJWKHZRUNLQJK\SRWKHVLV
7KH\ZHUHFUXVKHGDQGVLHYHGLQGLIIHUHQWVL]HVEHWZHHQDQGȝPIRUHDFKVDPSOH
:KLWHPLFDV DUH HQULFKHGE\ VWDQGDUGPDJQHWLF DQGJUDYLPHWULF WHFKQLTXHV WKHQ IXUWKHU SXUL¿HG
E\ KDQG SLFNLQJ IRU GLIIHUHQW JUDLQ VL]H IUDFWLRQV EHWZHHQ  ȝP 7KH GHWDLOHG SURFHGXUH
RI$U$UDQDO\VHVLVGHVFULEHGE\%HOOXVRHWDO7KH$U$UWHFKQLTXHSURYLGHVWKH
SRVVLELOLW\ WRPRQLWRU WKH FKHPLFDO VLJQDWXUH RI HDFK VWHS EHFDXVH $U $U $U LVRWRSHV DUH
SURGXFHGE\UHDFWLRQVZLWKWKHLVRWRSHVRIFDOFLXPFKORULQHDQGSRWDVVLXP7KHVHWKUHH$ULVRWRSHV
DOORZ GLVWLQJXLVKLQJ EHWZHHQ GLIIHUHQW SKDVHV RU JHQHUDWLRQV RI D GDWHG VDPSOH E\ DQDO\]LQJ LWV
FKHPLFDOLQIRUPDWLRQ9LOODHWDO+RZHYHUFRQWDPLQDWLRQRIWKHGDWHGVDPSOHVE\PLQHUDOV
RWKHUWKDQPLFDGLVWXUEVWKHDJHVSHFWUD1RUPDOO\VXFKLPSXULWLHVFDQEHGHWHFWHGE\&O.UDWLRV
GLIIHUHQWWKDQWKRVHRIWKHEXONVHSDUDWHDQG&D.UDWLRVGLIIHUHQWIURP]HUR)XUWKHUPRUHGLIIHUHQW
PLFDSRSXODWLRQVZLWKGLVWLQFWFRPSRVLWLRQVFDQDOVREHGHWHFWHGE\YDU\LQJ&O.DQG&D.UDWLRV
7KHUHIRUHWKHLQÀXHQFHRIWKHSXULW\RIWKHVDPSOHRQWKHDJHVSHFWUDLVHVVHQWLDOIRUWKHGHWHFWLRQRI
SRVVLEOHPL[HGDJHV
,QDUHFHQWUHYLHZRIUDUHJDVV\VWHPDWLFV9LOODSRLQWVRXWWKDWELQDU\RUWHUQDU\PLQHUDO
PL[WXUHVFDQEHGHWHFWHGRQWKHEDVLVRIFRUUHODWLRQVRIFRPPRQGHQRPLQDWRUWKUHHLVRWRSHSORWV
WKLVVXJJHVWVWKDWLQWHUQDOO\GLVFRUGDQWDJHVSHFWUDFDQEHLQWHUSUHWHGDVPLQHUDOPL[WXUHVSURYLGHG
WKHVHFDQEHGRFXPHQWHGSHWURJUDSKLFDOO\7KLVKDVEHHQGHPRQVWUDWHGIRUDPDJPDWLF±K\GURWKHUPDO
SKHQJLWHPL[WXUHE\9LOODHWDO %\VXSSOHPHQWLQJ WKHFKHPLFDO LQIRUPDWLRQSURYLGHGE\
$ULVRWRSH V\VWHPDWLFV ZLWK WKH PLFURFKHPLFDO DQDO\VHV SURYLGHG E\$(0 DQDO\WLFDO HOHFWURQ
PLFURVFRS\RU(03HOHFWURQPLFURSUREHDJHVFDQEHPRGHOHGE\H[WUDSRODWLQJWRHQGPHPEHU
PLQHUDOV7KLVDSSURDFK LVHVVHQWLDO WRFDUHIXOO\GLVWLQJXLVKEHWZHHQ WZRPHFKDQLVPVSRWHQWLDOO\
FDXVLQJ\RXQJHUDJHVLQPLFDV$UORVVIURPDKRPRJHQHRXVSRSXODWLRQRIPLFDJUDLQVEHORQJLQJWR
RQHVLQJOHJHQHUDWLRQRUFRH[LVWHQFHRIPXOWLSOHGLDFKURQLFDQGKHWHURFKHPLFDOPLFDJHQHUDWLRQV
LQLVRWRSLFGLVHTXLOLEULXP7KHIRUPHUSUHGLFWVWKDWWKHUHPXVWEHQRFRUUHODWLRQEHWZHHQFKHPLFDO
FRPSRVLWLRQDQGDJHDVWKHPLQHUDOLVKRPRJHQHRXVDQGRQO\$ULVORVW7KHODWWHUSUHGLFWVWKDWDJHV
DQGFKHPLFDOFRPSRVLWLRQFRUUHODWH7KHGDWDRIWKHPHDVXUHPHQWVDUHVKRZQLQWKH$SSHQGL[,,,
)URP+3WRODWHVWDJHGHIRUPDWLRQ

0LFURVWUXFWXUDOREVHUYDWLRQVDQG0LFURFKHPHVWU\RIPXOWLSOHPLFDJHQHUDWLRQV
7KH=RQH+RXLOOqUHXQLWH[KLELWVDFOHDUJUDGLHQWIURPDGRPLQDQFHRIGHWULWLFPLFDLQWKHPRVW
H[WHUQDOSDUWVRIWKHVWXG\DUHDZKHUHPHWDPRUSKLFFRQGLWLRQVQHYHUH[FHHGHGVXEJUHHQVFKLVWIDFLHV
FRQGLWLRQVWRZDUGVPL[HGGHWULWLFDQGQHZO\JURZQPLFDLQWKH(DVW,QWKHLPPHGLDWHO\DGMDFHQW
5XLWRUXQLWLQKHULWHGJUDLQVDUHVWLOOSUHVHQWLQDOOVDPSOHV7KLVLVHYLGHQFHGE\ERWKPLFURVWUXFWXUDO
REVHUYDWLRQVDQGE\HOHFWURQPLFURSUREH;UD\PDSSLQJVKRZLQJFOHDUHYLGHQFHIRUUHOLFVRIZKLWH
PLFD]RQDWLRQVLQWKHVHVDPSOHV7KLVFRQ¿UPVWKDWPL[HGSRSXODWLRQVDUHFRPPRQLQPHWDPRUSKLF
SRUWLRQVRIRURJHQVDQGWKDWGHWULWDOPLFDDQG+3UHOLFVFDQVXUYLYHGXULQJVXEVHTXHQWGHIRUPDWLRQ
DQGPHWDPRUSKLVPVHHDOVRHJ$JDUGHWDO
7KHFRPSRVLWLRQRIZKLWHPLFD:KLWHPLFDZDVDQDO\]HGLQRUGHUWRLGHQWLI\PLFURFKHPLFDO
YDULDWLRQVUHODWHGWRWKHGLIIHUHQWPLFURVWUXFWXUDOSRSXODWLRQVSUHVHQWLQWKHVDPSOHV6HYHUDOUHFHQW
VWXGLHV HYLGHQFHG WKDW SHWURORJLFDOO\ GLVWLQFW SRSXODWLRQV DUH DOVR UHFRJQL]DEOH LQ WKH $U$U
LVRWRSLFV\VWHPHJ'L9LQFHQ]RHWDO$JDUGHWDO&KDOODQGHVHWDO7KUHH
PLFDSRSXODWLRQVFRXOGEHPLFURVWUXFWXUDOO\HYLGHQFHGDQGYHUL¿HGE\HOHFWURQPLFURSUREH;UD\
PDSSLQJGHWULWDOJUDLQVDQGJUDLQVIRUPHGGXULQJ'DQG'UHVSHFWLYHO\7KHFHODGRQLWHFRQWHQW
PRQLWRUHGE\6LDQG$OHOHPHQWGLVWULEXWLRQYDULHVVLJQL¿FDQWO\LQWKHVHGLIIHUHQWSRSXODWLRQV7KH
WUHQGIURPDGRPLQDQFHRIGHWULWLFPLFDVLQWKHH[WHUQDOSDUWWRWKHGRPLQDQFHRIPHWDPRUSKLFPLFDV
LQWKHLQWHUQDOSDUWZLOOEHLOOXVWUDWHGE\VHOHFWLQJVL[VDPSOHVVHH)LJDIRUORFDWLRQ
,Q D ¿UVW VDPSOH 5XL IURP WKH YHU\ H[WHUQDO SDUW RI WKH=RQH+RXLOOqUH XQLW FORVH
WR WKH+RXLOOHU)URQW )LJVDE WKHSUHVHQFHRIGHWULWDOPLFDV LVREYLRXV LQ WKLQ VHFWLRQ7KH
YHU\ZHDN$OSLQHIROLDWLRQ LVGH¿QHGE\YHU\¿QHJUDLQHGPLFD)LJD ,QFRQWUDVW WKHGHWULWDO
PLFDVDUHPXFKODJHUVKRZQRSUHIHUUHGRULHQWDWLRQDQGDUHUDQGRPO\GLVWULEXWHGLQWKHPDWUL[)LJ
D$ZLGHUDQJHLQWKH6LFRQWHQWLVHYLGHQFHGE\HOHFWURQPLFURSUREHDQDO\VHV)LJE:KLOH
PHWDPRUSKLFPLFDVKDYH6LFRQWHQWVYDU\LQJEHWZHHQDQGHDVLO\LGHQWL¿DEOHGHWULWDOPLFDV
KDYH6LFRQWHQWVORZHUWKDQ
$ VHFRQG VDPSOH /Q GHULYHV IURP WKH LQWHUPHGLDWH =RQH+RXLOOqUH XQLW ZHUH WKH
LQWHQVLW\RIWKH$OSLQHGHIRUPDWLRQLVUHODWLYHO\KLJKHUWKDQLQWKHYHU\H[WHUQDOSDUW1HRFU\VWDOOL]HG
ZKLWHPLFDLVVWLOOVXERUGLQDWHEXWWKHLQGLYLGXDOJUDLQVDUHODJHUWKDQLQWKHSUHYLRXVO\GHVFULEHG
VDPSOH)LJXUHFVKRZVD'YLHZRI WKLQVHFWLRQVSDUDOOHODQGSHUSHQGLFXODU WR WKHVWUHWFKLQJ
OLQHDWLRQ:KLOHLQWKHVHFWLRQSDUDOOHOWRWKHVWUHWFKLQJOLQHDWLRQQHDUO\DOOPLFDVDUHDOLJQHGLQWKH
IROLDWLRQRQO\DZHDNIROLDWLRQLVREVHUYDEOHLQWKHVHFWLRQSHUSHQGLFXODUWRWKHVWUHWFKLQJZKHUH
PRVWRI WKHPLFDVFDQEHFOHDUO\LGHQWL¿HGDVXQGHIRUPHGDQGRIGHWULWLFRULJLQ7KLVVKRZVWKDW
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%HVLGHWKHPLFDVJURZQGXULQJ'
GH¿QLQJWKHPDLQIROLDWLRQ6UHOLFWLF'PLFDDQGHYHQGHWULWDOJUDLQVDUHYLVLEOH,Q)LJXUHGDQG
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NLQHPDWLFDOO\WR',QWHUOD\HUHGDUHWZRRWKHUW\SHVRIPLFDVPLFUROLWKRQVRULHQWHGSHUSHQGLFXODU
WRWKH6IROLDWLRQDQGLQWHUSUHWHGDV'PLFDV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DQGPXFKODUJHUJUDLQVFRPSDUHGWRWKH
'PLFUROLWKRQVDQGWKH'PLFDVLQWHUSUHWHGDVUHOLFWLFGHWULWDOJUDLQV)LJG)XUWKHUPRUH'
PLFDVDUHDOVRSUHVHUYHGLQIROGKLQJHV)LJH+RPRJHQHLW\RIWKHQHZO\IRUPHG$OSLQHPLFDV
VXJJHVWVWKDWGLIIXVLRQDOMRVVZDVQHJOLJLEOHGXULQJWKH$OSLQHPHWDPRUSKLFHYHQWVDURXQG
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ORVVLVLQHIIHFWLYHDWWHPSHUDWXUHVORZHUWKDQ&7KHUHIRUHDSUH$OSLQH]RQLQJVHHPVPRUH
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$OHOHPHQWGLVWULEXWLRQLPDJHYHULI\LQJWKH]RQDWLRQM.HOHPHQW
GLVWULEXWLRQLPDJHHYLGHQFLQJQR]RQDWLRQLQWKHSRWDVVLXPFRQWHQWN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VWUHFKWLQJ OLQHDWLRQ
LQ IROLDWLRQ DJOLQHG
PLFDV ! V\Q
GHIRUPDWLRQ
XQGHIRUPHG
GHWULWDO PLFDV
 XP
 XP
 XP
6L
$O
.
D
E
F
G
H
J
N
L
K
L
M
I
6
' PLFUR
OLWKRQV
UHOLFWLF GHWULWDO PLFDV
6
GHWULWDO PLFDV
' PLFUROLWKRQV6 IROLDWLRQ
GHWULWLF PLFD
6L
    
$
O





 PP
 PP
 PP
 PP
 XP
GHWULWLF PHWDPRUSKLF
6L
     
$
O



GHWULWLF ' '
 PP
)URP+3WRODWHVWDJHGHIRUPDWLRQ

FRQWHQWVRI'PLFDV DUHKLJKHU WKDQ DQG WKRVHRI'PLFDVYDU\EHWZHHQ DQG7KH
VXEVWDQWLDODPRXQWVRILQKHULWHGGHWULWDOPLFDVDUHUHVSRQVLEOHIRUWKHODUJHQXPEHURIPHDVXUHPHQWV
VKRZLQJ6LFRQWHQWVEHORZ)LJJ
7ZR VDPSOHV ZLWK VWURQJO\ FRQWUDVWLQJ PLFURVWUXFWXUHV IURP WKH 3/RFHDQLF XQLW ZHUH
DQDO\]HG6DPSOH9DXGLVIURPDQHFORJLWLFERXGLQZKHUHDV7UDMLVDFDOFVFKLVWIRUPLQJWKH
PDWUL[RIWKHVHHFROJLWLFERXGLQV6DPSOH9DXGZDVFKRVHQVLQFHLWRQO\FRQWDLQV'+3PLFDV
DVLVLQGLFDWHGE\LVWUXFWXUDODQGLLSHWURORJLFDOREVHUYDWLRQVL7KHHFORJLWLFERXGLQVKRZVDQ
LQWHUQDOIROLDWLRQZKLFKLVGLVFRUGDQWWRWKHPDLQIROLDWLRQRIWKHVHFRQGSKDVHRIGHIRUPDWLRQ6
+HQFHWKHLQWHUQDOIROLDWLRQRIWKHERXGLQPXVWEHROGHUDQGLVFODVVL¿HGDV67KHDWWULEXWLRQWR'
LVLQGHSHQGHQWO\FRQ¿UPHGE\WKHPLQHUDODVVHPEODJH*UW3[4]LPSO\LQJSUHVVXUHV!NEDU
)URPWKHVHREVHUYDWLRQVGDWLQJRIPLFDVLQ9DXG9DXGDOORZVWRGHWHUPLQHWKH
DJHRIWKH¿UVWSKDVHRIGHIRUPDWLRQ'+RZHYHUDVDOUHDG\PHQWLRQHGPLFDVDUHQRWVWDEOHLQ
HFORJLWHIDFLHVFRQGLWLRQVDQGJURZWKHUHIRUHRQO\GXULQJWKHODWHVWVWDJHVRI'&RQVHTXHQWO\WKHVH
ZKLWHPLFDVGHWHUPLQHWKHDJHRIWKHODWHVWVWDJHVGXULQJ'
6DPSOH7UDMLVDFDOFVFKLVWDQGVWURQJO\RYHUSULQWHGE\WKH6PDLQIROLDWLRQ)LJ$W¿UVW
JODQFHRQHFRXOGJHWWKHLPSUHVVLRQWKDWDOOWKHPLFDVDUHV\QNLQHPDWLFWRWKLVVHFRQGIROLDWLRQ6
EXWDWDFORVHU LWEHFRPHVREYLRXV WKDWUHOLFVRI WKH¿UVWSKDVHRIGHIRUPDWLRQDUHDOVRSUHVHUYHG
)LJ $OEHLW RPQLSUHVHQWPLFUROLWKRQV UHOLFWLF' IROG KLQJHV )LJ D	E DQG ODUJH UHOLFWLF
VLQJOHJUDLQVRI'VKRZLQJLQWHUQDOIROLDWLRQGLVFRUGDQWWRWKHPDLQIROLDWLRQ6)LJFDUHFOHDU
HYLGHQFHVIRUWKHSUHVHUYDWLRQRI'UHOLFV
0LFURSUREHDQDO\VHVRIVDPSOH7UDMVKRZGLIIHUHQWFRPSRVLWLRQVIRUGLIIHUHQWSRSXODWLRQV
DQG VXSSRUW WKH PLFURVWUXFWXUDO REVHUYDWLRQV )LJ  )LJXUH  VKRZV WZR H[HPSODU\ GHWDLOV RI
)LJXUH,Q)LJXUHDDUHOLFWLF'IROGKLQJHLVVKRZQZKLFKGRHVQRWLQGLFDWHKHWHURJHQHLWLHVRU
D]RQDWLRQWKDWZRXOGSRLQWWRUHFU\VWDOOL]DWLRQGXULQJ'6LFRQWHQWVVFDWWHUEHWZHHQDQG
DFURVVWKHIROGKLQJH)LJDERWWRP7KDWWKLVVFDWWHULVSDUWRIWKHYDULDWLRQRIWKH'FRPSRVLWLRQ
LVFRQ¿UPHGRQWKHRQHKDQGE\WKH$OGLVWULEXWLRQLPDJHZKLFKGRHVQRWGLVSOD\DQ\]RQDWLRQDQG
RQWKHRWKHUKDQGE\WKHFRPSRVLWLRQRIWKHODUJHUHOLFWLF'PLFDVKRZQLQ)LJXUHE7KHWH[WXUDO
GLIIHUHQFHWRWKHPLFDVRIWKH6IROLDWLRQLVYLVLEOHLQ)LJXUH7KHHOHPHQWGLVWULEXWLRQLPDJHVRI
6LDQG$O)LJEFRQ¿UPWKLVREVHUYDWLRQ7KHH[HPSODU\PHDVXUHPHQWVDOORZDTXDQWL¿FDWLRQDQG
SRLQWWR6LFRQWHQWV!IRU''PLFDVKDYH6LFRQWHQWVUDQJLQJIURPWR)LJD	
E0LFDVZLWK6LFRQWHQWVEHORZFDQEHDWWULEXWHGWRPLFDVSRVWGDWLQJWKH'PLFDV)LJE
EXWWKHLURFFXUUHQFHLVRFFDVLRQDO1RWHWKDW6LFRQWHQWGHSHQGVDOVRRQPHWDPRUSKLFJUDGHDQGWKDW
LQORZJUDGHXQLWVVXFKDVWKH=RQH+RXLOOqUHXQLWDS\URSK\OOLWHFRPSRQHQWFDQFRQWULEXWHWRKLJK
6LFRQWHQWV7KHUHIRUHWKH6LFRQWHQWFDQRQO\VHUYHDVDVXSSRUWLQJDUJXPHQWLQDGGLWLRQWRGHWDLOHG
PLFURVWUXFWXUDO DQDO\VHV DQG (03 DQDO\VHV 1HYHUWKHOHVV 6LFRQWHQWV LQ WKH LQGLYLGXDO VDPSOHV
FOHDUO\LQGLFDWHFRQVLVWHQWGLVWLQFWYDULDWLRQRIWKHFRPSRVLWLRQVIRUWKHGLIIHUHQWSRSXODWLRQV
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IURPWKLVVWXG\DUHVKRZQLQ)LJ,QFRQWUDVWWRWKHLQWHUQDOXQLWV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FRQWRXUPDSRIWKH6LFRQWHQWDQGVLQJOH
DQDO\VLVERWWRPULJKW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=RQH+RXLOOqUHXQLWZKHUHDQDJHRIDERXW0DLVREVHUYDEOHFORVHWRWKH+RXLOOHU)URQW)LJ
LQWKHH[WHUQDOSDUWVRIWKH=RQH+RXLOOqUHXQLWWHPSHUDWXUHVQHYHUH[FHHGHG&+HQFHWKH
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RQPHWDPRUSKLFSHDN7HPSHUDWXUH
)ROORZLQJWKH³FORVLQJWHPSHUDWXUH´
FRQFHSWWKH+3PHWDPRUSKLVPLQ
WKH:HVWHUQ$OSVPXVWEHROGHUWKDQ
0DEHFDXVHDOOXQLWVWRWKHHDVW
RIWKH=RQH+RXLOOqUHXQLWUHDFKHG
WHPSHUDWXUHVKLJKHUWKDQ&
7KH\RXQJDJHVRIWKHLQWHUQDOSDUWV
ZRXOGUHSUHVHQWWKHFRPPRQSODFH
LQWHUSUHWDWLRQWKDWWKHLQWHUQDOSDUWV
RIRURJHQVDUHFRROHGODWH&LUFOHV
UHSUHVHQWVDPSOHVRYHUSULQWHGE\
PXOWLSOHGHIRUPDWLRQSKDVHVDQG
UHFWDQJOHVDUHP\ORQLWLFVDPSOHV
)URP+3WRODWHVWDJHGHIRUPDWLRQ
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&+RZHYHUWKHLVRJUDGVGUDZQE\+XQ]LNHU	6WHFNZKLFKDUHVOLJKWO\EXWVLJQL¿FDQWO\
ORZHULQWHPSHUDWXUHWKDQWKRVHE\7RGG	(QJLUHTXLUHDOOPLFDVWRUHFRUGFRROLQJDJHV
0DWKHFDQRQLFDODJHRIWKH/HSRQWLQHHYHQWLQWKH$OSV,IRQHGHQLHVWKLVFRQFHSWVRPHRIWKH
PLFDVEHWZHHQ%LDVFDDQG6SOJHQ6WHFN	+XQ]LNHUWKHLU)LJXQLWDUHVHHQWRFRQWDLQ
LQKHULWHG6UWKHUHIRUHWKHDJHRIWKH/HSRQWLQHHYHQWFDQQRWEH0DEXWPXVWEH\RXQJHUWKDQ
FD0D,QWXUQWKLVLPSOLHVWKDW.$UDJHV!0DDOVRFRQWDLQLQKHULWHG$ULHGRQRWUHFRUG
³FRROLQJDJHV´7KHXELTXLWRXVSUHVHQFHRILQKHULWHG$UDQGLWVLPSOLFDWLRQVZLOOEHGLVFXVVHGVHYHUDO
WLPHVLQWKLVSDSHU7KXVWKHRULJLQDO3XUG\	-lJHUZKLWHPLFDGDWDVHWGRHVQRWUHSUHVHQWZKDWLW
ZDVDVVHUWHGWRGRQDPHO\GDWH³FRROLQJEHORZ7F´DQGWKHH[LVWHQFHRIJHQXLQHLQKHULWDQFHIUHH
³FRROLQJDJHV´LQWKH&HQWUDO$OSVDSSHDUVWREHDYHU\UHVWULFWHGDQGTXLWHH[FHSWLRQDORFFXUUHQFH
,QSULQFLSOHWKH³FORVXUHWHPSHUDWXUH´ZRXOGQ¶WDSULRULEHDQDEVXUGZRUNLQJK\SRWKHVLV
DWOHDVWXSWRWKHSRLQWZKHQDQDFFXUDWHFDOLEUDWLRQEHFRPHVDYDLODEOH,QSUDFWLFHKRZHYHULWLV
SUHFLVHO\ WKH DFFXUDWH FDOLEDUDWLRQV WKDW GHQ\ WKHSUDFWLFDO DSSOLFDELOLW\RI7F WRPRVW JHRORJLFDO
VLWXDWLRQV,QRUGHUIRUWHPSHUDWXUHWREHWKHRQO\SDUDPHWHUFRQWUROOLQJLVRWRSHH[FKDQJHWKH³FORVXUH
WHPSHUDWXUH´RIDPLQHUDOPXVWEHORZHUWKDQWKHVWDELOLW\¿HOGRIWKDWPLQHUDO,IWKLVLVQRWWKHFDVH
KHWHURFKURQLFJHQHUDWLRQVFDQFRH[LVWDVRYHUJURZWKVZLWKRXWLVRWRSHUHVHWWLQJ,VRWRSLFLQKHULWDQFH
WKHQZRXOG SDUDOOHO WKH SHWURORJLVWV¶ ¿QGLQJV RI LQFUHDVLQJ QXPEHUV RI SRO\JHQLF GLVHTXLOLEULXP
DVVHPEODJHV2QHFRXOG WKHQFODVVLI\PLQHUDOJHRFKURQRPHWHUV LQ WZRFODVVHV³FODVV,´PLQHUDOV
DOORZQRKHWHURFKURQLFJHQHUDWLRQVDV7FVWDELOLW\¿HOGH[DPSOHVDUH¿VVLRQWUDFNFKURQRPHWHUVDQG
8+HFKURQRPHWHUV³FODVV,,´PLQHUDOVDUHDOOWKRVHIRUZKLFK7FLVVXI¿FLHQWO\KLJKWKDWSRO\JHQLF
PL[WXUHVUHWDLQWKHLULVRWRSLFGLVHTXLOLEULXPDQGWKLVLQFOXGHVDOORWKHUPLQHUDOFKURQRPHWHUV7KXV
ZKLOH WHPSHUDWXUHGRHVSOD\D UROH LQ HQKDQFLQJ UHDFWLRQNLQHWLFV DQG WKHPRUHRU OHVV WKRURXJK
UHFU\VWDOOL]DWLRQRIDPLQHUDOLWLVQRWWKHVROHSDUDPHWHUFRQWUROOLQJLVRWRSLFFORVXUH$QLVRWRSLFDJH
RID&ODVV,,PLQHUDOFDQWKXVQRWEHXVHGWRVROYHWKHLQYHUVHSUREOHP³JLYHQDIUDFWLRQDOORVVZKDW
ZDVWKHWHPSHUDWXUHWKDWFDXVHGLW´DVWKHUPDOO\DFWLYDWHGGLIIXVLRQLVDOZD\VVORZHUWKDQFRPSHWLQJ
SURFHVVHVVXFKDVÀXLGLQGXFHGUHFU\VWDOOL]DWLRQDQGGHIRUPDWLRQLQGXFHGUHFU\VWDOOL]DWLRQDQGWKXV
QRWDGHFLVLYHIDFWRULQÀXHQFLQJLVRWRSHWUDQVSRUW
7KH PLVPDWFK EHWZHHQ 3XUG\ 	 -lJHU¶V  FDOLEUDWLRQ DQG LQGHSHQGHQW FKHFNV LV
PDGHFOHDUE\ WKHSURJUHVV UHSRUWVE\SHWURORJLVWV UHJDUGLQJ WKH LPSURYHG WHPSHUDWXUHHVWLPDWHV
RI VWLOSQRPHODQH DQG VWDXUROLWH LVRJUDGV VHH9LOOD	3X[HGGX  DQG+ROGDZD\ HW DO 
UHVSHFWLYHO\ZKLFKDUHQHYHULQFRUSRUDWHGE\WKHVXSSRUWHUVRI3XUG\	-lJHU¶VSUHOLPLQDU\
ZRUNLQJK\SRWKHVLV
7KHUROHRIGLIIXVLRQ
7KH FODVVLFDO ³FORVXUH WHPSHUDWXUH´ 7F DSSURDFK 'RGVRQ  DVVXPHV WKDW IRU
PLQHUDOVJURZQDERYHWKH7FGLIIXVLRQLVIDVWHQRXJKWRUHVHWWKHLVRWRSLFFORFNFRQVWDQWO\VRWKDW
ROG LQKHULWHGPLQHUDOV DQG QHZO\ JURZQ RQHV KDYH WKH VDPH LVRWRSLF UDWLRV DW DQ\ WLPH  ,I WKH
WHPSHUDWXUHIDOOVEHORZ7FGLIIXVLRQLVLQWHUSUHWHGWRGUDVWLFDOO\VORZGRZQDQGWKHLVRWRSLFV\VWHP
LV IUR]HQ8QIRUWXQDWHO\DVGLVFXVVHGDERYHGLIIXVLRQFRHI¿FLHQWVDUHQRWZHOONQRZQVR WKDW7F
LVRQO\HPSLULFDOO\FRQVWUDLQHGE\FRPSDULVRQZLWKRWKHULVRWRSLFV\VWHPV3XUG\	-lJHU
,QRQHFDVHVWXG\RQDPXVFRYLWHPHJDFU\VW+DPHVDQG&KHQH\VKRZHGWKDWGLIIXVLRQLV
YHU\VORZDQGWKHGLIIXVLRQFRHI¿FLHQW'LVRIWKHRUGHURIHDWFD&7KLVLVLQDJUHHPHQW
ZLWKWKHHVWLPDWLRQRI*UDKDPEDVHGRQDQH[SHULPHQWDOVWXG\RQWKHGLIIXVLRQFRHI¿FLHQW
RIK\GURJHQ7KHODWWHUDXWKRUDUJXHGWKDW'IRU$UPXVWEHRUGHUVRIPDJQLWXGHVVPDOOHUWKDQWKH
HVWLPDWHG'HIRUK\GURJHQ+DPHVDQG&KHQH\FRQFOXGHGWKDWGLIIXVLRQLVQHJOLJLEOH
LQZKLWHPLFDV DW WHPSHUDWXUHV EHORZ & DQG WKDW WKH VFDWWHU LQ WKH REVHUYHG DJHV LV GXH WR
GHIRUPDWLRQ DQG UHFU\VWDOOL]DWLRQ 6LPLODU FRQFOXVLRQV DPRQJVW RWKHUV ZHUH DOUHDG\ GUDZQ E\
)RODQG&KRSLQDQG0DOXVNL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&KRSLQDQG0RQLp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DQG0RQLp+RZHYHU
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DQGLQWURGXFWLRQIURPRXWVLGHE\DFLUFXODUDUJXPHQW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DJHV 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³SUREOHPDWLF´RQO\GHSHQGVRQWKHFDOLEUDWLRQFKRVHQIRU7F%HFDXVHÄPL[HGDJHV´DUHWKHQRUPDO
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$FODUL¿FDWLRQLVSURYLGHGE\DFRPELQDWLRQRISHWURORJLFDODQGLVRWRSHVWXGLHV7KHVHVKRZ
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LGHQWLW\RIGLIIHUHQWDUJRQUHVHUYRLUV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HJ9LOOD
0OOHU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'HIRUPDWLRQLQGXFHGUHVHWWLQJDQH[DPSOHIURPWKH0RQWH5RVD
7ZR VDPSOHV IURP WKH0RQWH5RVD XQLWZLOO VKRZ WKH LPSRUWDQFH RI WKHPLFURVWUXFWXUDO
FRQWURO7KHWHPSHUDWXUHVGXULQJWKHHDUO\VWDJHVRI$OSLQHPHWDPRUSKLVPDUH!&(QJLHWDO
LQWKHLQYHVWLJDWHGSDUWRIWKH0RQWH5RVDQDSSH:LWKWKHFODVVLFDODSSURDFKRIWKHFORVXUH
WHPSHUDWXUHWKH$U$UV\VWHPVKRXOGWKHUHIRUHGDWHWKHWLPHRIFRROLQJGXULQJH[KXPDWLRQZKHQ
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
RULJLQDWHIURPDQRXWFURSZKHUHDSUH$OSLQHIROLDWLRQLVJUDGXDOO\GHÀHFWHGLQWRSDUDOOHOLVPZLWK
DVKHDU]RQHGXULQJHDUO\VWDJHVRI$OSLQHGHIRUPDWLRQ'DQGP\ORQLWLVDWLRQ.HOOHU	6FKPLG
6DPSOHZDVWDNHQIURPWKHSUH$OSLQHZDOOURFNRIWKHVKHDU]RQHZKHUHDVVDPSOHZDV
WDNHQIURPWKHVKHDU]RQHLQIHUUHGWRUHSUHVHQWWKH$OSLQHPHWDPRUSKLFDQGGHIRUPHGHTXLYDOHQW
RIVDPSOHVHH.HOOHUHWDOWKHLU)LJ1RWHWKDWWKHWZRVDPSOHVZHUHWDNHQLQDGLVWDQFH
RI DERXW RQHPHWHU IURPHDFKRWKHU7RJHWKHUZLWK WKHGHIRUPDWLRQ WKHUH LV D JUDGXDO FKDQJH LQ
PLQHUDORJ\IURPWKHSUH$OSLQHJDUQHWELRWLWHSODJLRFODVHPXVFRYLWHN\DQLWHVFKLVWLQWKHZDOOURFN
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.HOOHUHWDO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WKHSUHVHQFHRIDVPDOODPRXQWRIQHRIRUPHGDOSLQHPLFDLQWKLVVDPSOH.HOOHUHWDO1RWH
WKDW WKH SUHVHUYDWLRQ RI SUH$OSLQHPLFDV LV SULPDULO\ LQGLFDWHG E\ SHWURORJLFDO DQGPLFURSUREH
LQYHVWLJDWLRQVIRUGHWDLOVVHH.HOOHUHWDO6DPSOHZDOOURFNVKRZVDQXSZDUGVFRQYH[
VKDSHGDJHVSHFWUXPZLWK WKHROGHVW VWHSV DQGDURXQG0D)LJ)URPVWHSRQ WKH
VWHSDJHVDUHGHFUHDVLQJFRQWLQXRXVO\WR0D7KHVKDSHRIWKLVVSHFWUXPVXJJHVWVDPL[WXUHDQG
LVFRPSDWLEOHZLWK7KHGHIRUPHGVDPSOHRIWKHVDPHKRVWURFNVKRZVDÀDWDJHVSHFWUXPDW
0D)LJDQGFRQ¿UPVWKHSHWURORJLFDOREVHUYDWLRQRIWKHGRPLQDQFHRIWKHDOSLQHPLFDLQWKLV
VDPSOHEXWVWURQJO\FRQWUDVWWKHXSZDUGVFRQYH[DJHVSHFWUXPRIWKHXQGHIRUPHGVDPSOH:MLEUDQV
	0F'RXJDOOGHPRQVWUDWHGWKDWWKHROGHVWVWHSVRIWKHDJHVSHFWUXPRIDV\QWKHWLFPL[WXUH
GH¿QHWKHPLQLPXPDJHIRUWKHROGHUSKHQJLWHSRSXODWLRQDQGWKH\RXQJHVWVWHSVGH¿QHWKHPD[LPXP
DJH IRU WKHPXVFRYLWH SRSXODWLRQ$SSO\LQJ WKHVH V\VWHPDWLFV IRUPL[HG DJHV WR WKH XQGHIRUPHG
VDPSOHZHSUHGLFWWKDWWKHROGHUSRSXODWLRQPXVWEHROGHUWKDQ0DDQGWKH\RXQJHUSRSXODWLRQ
)URP+3WRODWHVWDJHGHIRUPDWLRQ

KDVDPD[LPXPDJHRI0D7KHFRLQFLGHQFHRIWKHSODWHDXDJHRIWKHGHIRUPHGVDPSOH0UON
ZLWKWKHPD[LPXPDJHIRUWKH\RXQJHUSRSXODWLRQRIWKHXQGHIRUPHGVDPSOH0UONVXJJHVWVWKDW
WKHPLFURVWUXFWXUDOREVHUYDWLRQVFRUUHFWO\SUHGLFWWKHEHKDYLRXURIWKH$U$ULVRWRSLFV\VWHP:H
FRQVLGHUWKH0DDJHIRU'DVUHOLDEOH
,WVKRXOGEHQRWHGWKDWRXULQWHUSUHWDWLRQRIWKH$U$UGDWHRQWKHVHVDPSOHVUHÀHFWVWKH
PLFURVWUXFWXUDO REVHUYDWLRQV$ IXUWKHU LPSRUWDQW REVHUYDWLRQ LV WKDW WKH SUH$OSLQHPLFD UHOLFV
ZKLFKZHUHSHWUROJLFDOO\HYLGHQFHGDQGFRQ¿UPHGE\PLFURFKHPLFDODQDO\VHVDOVRUHWDLQHGDWOHDVW
SDUWO\WKHLURULJLQDOLVRWRSLFVLJQDWXUHDOWKRXJKWKHWHPSHUDWXUHVUHDFKHG&DFFRUGLQJWR.HOOHU
HWDO7KLVFRQ¿UPVDQGH[WHQGVWKHUHVXOWVREWDLQHGE\'L9LQFHQ]RHWDO
,QVXPPDU\WKLVPHDQVWKDWWKHXQGHIRUPHGVDPSOHFOHDUO\UHSUHVHQWVDPL[HGDJHDOWKRXJK
LWUHDFKHGWHPSHUDWXUHVDERYH&$U$UGDWDUHFRUGWKDWWKHSUH$OSLQHPLFDVKDYHQRWEHHQ
WRWDOO\UHVHW2QWKHFRQWUDU\WKHDJHVSHFWUXPRIWKHVDPSOHWRWDOO\UHFU\VWDOOL]HGE\P\ORQLWL]DWLRQ
SURYHVWREHDSODWHDXDJHDQGVXJJHVWVDQDJHIRU'+3PHWDPRUSKLVPRI0D
3UHFLVHO\ EHFDXVH WKHUPDOO\ DFWLYDWHG GLIIXVLRQ ZDV PLQRU LQ WKHVH WZR VDPSOHV WKH
SHWURORJLFDODQGVWUXFWXUDOFRQWURORIWKHGDWHGVDPSOHEHFRPHVLPSRUWDQWLQGHWHUPLQLQJLIDPLFD
ZLOOUHWDLQLQKHULWHG$URUORVHLWGXULQJUHFU\VWDOOL]DWLRQ
 ,QÀXHQFHRIWKHSXULW\RIVDPSOHVIRU$U$U
,QRUGHUWRTXDQWLI\RIWKHLQÀXHQFHRIWKHSXULW\IRUWKUHHVDPSOHVZHDQDO\]HGDFDUHIXOO\
KDQGSLFNHG DQG WKH XQSLFNHG IUDFWLRQ 7KH VDPSOHV UHSUHVHQW W\SLFDO SHWURJHQHWLF YDULHWLHV
HQFRXQWHUHGLQRXUZRUNLVDPSOH/QIURPWKH=RQH+RXLOOqUHXQLWZKHUHGHWULWDOPLFDVDUH
SUHGRPLQDQWLLD'P\ORQLWH9JDIURPWKH,QWHUQDOXQLWZKHUHRQO\RQHPLFDSRSXODWLRQ
LVSUHVHQWDQGLLLVDPSOH7UDMVKRZLQJHYLGHQFHIRUDPL[WXUHEHWZHHQD'DQG'SRSXODWLRQ
ZLWKRXWWKHSUHVHQFHRIGHWULWDOPLFDV
6DPSOH/Q
6WDLUFDVHVKDSHGDJHVSHFWUDIRUERWKIUDFWLRQVSLFNHG	XQSLFNHG)LJDDUHHYLGHQFHG
IRUWKHPL[WXUHEHWZHHQQHZO\JURZQUHFU\VWDOOL]HGDQGGHWULWDOPLFDVDVDOUHDG\GRFXPHQWHGE\WKH
PLFURVWUXFWXUDOREVHUYDWLRQV7ZRPDMRUGLIIHUHQFHVEHWZHHQWKHSLFNHGDQGWKHXQSLFNHGIUDFWLRQ
DUH HYLGHQW )LUVWO\ZH REVHUYH VXEVWDQWLDOO\ FD 0D ROGHU DJHV LQ WKH ¿UVW WZR VWHSV RI WKH
XQSLFNHGIUDFWLRQ)LJDEHVWH[SODLQHGE\FRQWDPLQDQWVXFKDVHJFKORULWH
7KHVHFRQGGLIIHUHQFHLVVXUSULVLQJDOORWKHUVWHSVRIWKHSLFNHGIUDFWLRQH[FHSWWKH¿UVWWZR
FRQVLVWHQWO\\LHOGVWHSDJHVROGHUE\0D)LJD7KHRQO\H[SODQDWLRQIRUWKLVREVHUYDWLRQLV
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0UONP\ORQLWH
0UONXQGHIRUPHG
PD[LPDODJHRI
\RXQJHUSRSXODWLRQ
PLQLPDODJHRI
ROGHUSRSXODWLRQ
LQWHUSUHWDWLRQDIWHU
:MLEUDQV	0F'RXJDOO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)LJ$JHVSHFWUDRIWKH
VDPSOHVIURPWKH0RQWH
5RVDXQLW0UNODQG0UNO
EHORQJWRWKHVDPHKRVWURFN
6DPSOH0UONLVDP\ORQLWH
ZKLOH6DPSOH0UNOLVOLWWOH
GHIRUPHGGXULQJWKH$OSLQH
RURJHQ\RIWKHVDPHKRVWURFN
DVWKH,QWKHODWWHUWKHSUH
DOSLQHUHOLFVDUHHYLGHQFHGE\
WKHGHWDLOHGSHWURORJLFDOVWXG\
RI.HOOHUHWDO
&KDSWHU

WKDWKDQGSLFNLQJVHOHFWLYHO\HQULFKHGWKHGHWULWDOPLFDV'XULQJKDQGSLFNLQJWKHRSHUDWRUNHHSVWKH
³SXUH´ORRNLQJJUDLQVDQGUHPRYHVWKRVHYLVLEO\LQWHUJURZQE\RWKHUPLQHUDOVHJFKORULWH$OSLQH
PLFDVKRZHYHUIRUPHGV\QNLQHPDWLFDOO\WRJHWKHUZLWKFKORULWHDUHWKHUHIRUHSUHIHUHQWLDOO\UHPRYHG
E\KDQGSLFNLQJOHDGLQJWRHQULFKPHQWRIGHWULWDOPLFDV7KLVREVHUYDWLRQLPSOLHVWKDWWKHVHWZRDJHV
GRQRWFRQWDLQDQ\FRQWDPLQDWLRQE\RWKHUPLQHUDOVSRLQWLQJWRDQDOSLQHSRSXODWLRQZLWKDQDJHRI
0DIRUGHWDLOHGGLVFXVVLRQVHHEHORZ
6DPSOH9*$DQG6DPSOH7UDM
7KHRWKHUWZRLQYHVWLJDWHGVDPSOHVDUHGHULYHGIURPWKHLQWHUQDOSDUWRIWKHVWXG\DUHDDQG
H[SHULHQFHGKLJKHUPHWDPRUSKLFFRQGLWLRQVGXULQJWKH$OSLQHPHWDPRUSKLFF\FOH)LJ
$JHVSHFWUDRIWKHSLFNHGDQGXQSLFNHGIUDFWLRQRIVDPSOH9JDZHUHREWDLQHGXVLQJWKH
VDPHKHDWLQJURXWLQH1RPDMRUGLIIHUHQFHVRFFXULQWKHDJHVSHFWUD)LJEH[FHSWLQWKH¿UVWWZR
VWHSV3UDFWLFDOO\DOORWKHUVWHSVDUHZLWKLQa0DWKHVDPHIRUERWKIUDFWLRQV)LJE-XVWDVIRU
/QWKLVGLIIHUHQFHLVEHVWH[SODLQHGE\DFRQWDPLQDWLRQRI&OULFKPLQHUDOVRWKHUWKDQPLFDLQ
WKHXQSLFNHGIUDFWLRQ
7UDMGHULYHVIRUPWKH3/RFHDQLFXQLW)LJ7KLVVDPSOHGLVSOD\VRQO\PLQRUGLIIHUHQFHV
EHWZHHQ WKH SLFNHG DQGXQSLFNHG VHSDUDWHV )LJ F$OWKRXJK WKLV VDPSOH FOHDUO\ FRQWDLQV WZR
SRSXODWLRQV RQO\ LQVLJQL¿FDQW GLIIHUHQFHV EHWZHHQ WKH SLFNHG DQG WKH XQSLFNHG VDPSOH FDQ EH
REVHUYHG7KHGHWDLOVDERXWWKHLQWHUSUHWDWLRQRIWKHVHXSZDUGFRQYH[DJHVSHFWUDZLOOEHGLVFXVVHG
LQWKHQH[WSDUDJUDSK
)URPWKHVHREVHUYDWLRQVLWLVFRQFOXGHGWKDWKDQGSLFNLQJJHQHUDOO\OHDGVWREHWWHUUHVXOWV
EXWFDQSURYRNHVHOHFWLYHHQULFKPHQWLIWZRSRSXODWLRQVDUHSUHVHQW(VSHFLDOO\LIWKHDJHGLIIHUHQFH
EHWZHHQWKHWZRSRSXODWLRQVLVODUJHLHGHWULWDOSUH$OSLQHDQG$OSLQHKDQGSLFNLQJFDQOHDGWR
XQUHSUHVHQWDWLYHUHVXOWV+RZHYHULQVDPSOHVZKHUHQRVHOHFWLYHHQULFKPHQWLVRFFXUULQJ9JD
7UDMLWLVFOHDUO\VKRZQWKDWPLQRUFRQWDPLQDQWVZHUHVXFFHVVIXOO\UHPRYHGE\KDQGSLFNLQJ
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)LJD$JHVSHFWUDRIWKHSLFNHGDQGXQSLFNHGIUDFWLRQRIVDPSOHD/Q*UDLQVL]HIRUERWKIUDFWLRQ
ȝPE9JDȝPF7UDMȝP
)URP+3WRODWHVWDJHGHIRUPDWLRQ

,QÀXHQFHRIJUDLQVL]HRQDJHV
$VGLVFXVVHGHDUOLHUGLIIXVLRQDOORVVLVLQWHUSUHWHGWREHDQLPSRUWDQWIDFWRUFDXVLQJSUREOHPDWLF
DJHV,QRUGHUWRWHVWWKHUROHRIGLIXVLRQIURPWZRVDPSOHVGLIIHUHQWJDULQVL]HVKDYHEHHQGDWHG
EHFDXVHGLIIHUHQWDJHVIRUWKHGLIIHUHQWJUDLQVL]HVDUHH[SHFWHGLIGLIIXVLRQDOORVVSOD\VDQLPSRUWDQW
UROH$¿UVWVDPSOH37 LV  IURPWKH3HUPR7ULDVVLFFRYHURI WKHDYLVHV\QIURPQHDU WKHFRQWDFW
EHWZHHQWKH5XLWRUXQLWDQGWKH3/RFHDQLFXQLW)LJE
37
)URPWKLVVDPSOHWZRYHU\GLIIHUHQWJUDLQVL]HVZHUHDQDO\]HGȝP37
ȝP37%RWKGLVSOD\H[FHSW IRU¿UVW WZRVWHSV VLPLODUDJHVSHFWUD )LJD7KHDJHVSHFWUD
RIWKHVHWZRVL]HIUDFWLRQVDUHDJDLQFKDUDFWHUL]HGE\DQLQFUHDVHLQWKH¿UVWVWHSVDQGDQDSSDUHQW
SODWHDXEHWZHHQ0DIRUERWKJUDLQVL]HIUDFWLRQV)LJD
9DXG
7KUHHGLIIHUHQWJUDLQVL]HVȝP9DXGȝP9DXGDQG
ȝP9DXG UHVSHFWLYHO\ZHUHDQDO\]HGIRU WKLVVDPSOH7KHDJHVSHFWUDDUHQHDUO\ LGHQWLFDO
)LJE$OWKRXJKWKHDYHUDJHJUDLQUDGLLYDU\EHWZHHQȝPDQGȝPQRGLIIHUHQFHVFRQFHUQLQJ
WKHLUDJHVSHFWUDDUHREVHUYHGH[FHSWIRUWKH¿UVWDQGODVWVWHSV$OOWKUHHDJHVSHFWUDDUHÀDWRYHU
RIWKHUHOHDVHGJDV
1RWH WKDW WKH REVHUYDWLRQ RI LGHQWLFDO DJH VSHFWUD IRU DOO WKUHH JUDLQ VL]HV H[FOXGHV ERWK
LQKHULWHGDQG³H[FHVV´DUJRQWRSOD\DQLPSRUWDQWUROHEHFDXVHERWKZRXOGEHSUHGLFWHGE\GLIIXVLRQ
WKHRU\WRDIIHFWYDU\LQJJUDLQVL]HVWRDGLIIHUHQWGHJUHH$OUHDG\WKHVHVUHVXOWVJLYHDVWURQJLQGLFDWLRQ
WKDWGLIIXVLRQFDQQRWSOD\DQLPSRUWDQWUROH
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)LJD$JHVSHFWUDRIWKHVDPSOH37DQG37WKHJUDLQVL]HVDUHPDQGPUHVSHFWLYHO\WKHÀDW
SUWLRQRIWKHDJHVSHFWUDUHOHDVHDUHWKHVDPHZLWKLQ0DE$JHVSHFWUDRIWKHVDPSOH9DXG9DXG
DQG9DXGWKHJUDLQVL]HVDUHPDQGPDQGPUHVSHFWLYHO\1RWHWKDWWKHDJHVSHFWUD
DUHLGHQWLFDOZLWKLQRQH0DZKDWFOHDU|\H[FOXGHGLIRVVLRQWRSD\DQLPSRUWDQWUROH
&KDSWHU

5HVXOWV
7KHVDPSOHVZLOOEHGLVFXVVHGLQUHVSHFWWRWKHLUVWUXFWXUDOSRVLWLRQIURPH[WHUQDOWRLQWHUQDO
)LJ E7KHPHDVXUHPQWV DQG FDOFXODWHG LQWHJUDWHG DJHV IRU HDFK VDPSOH DUH SUHVHQWHG LQ WKH
DSSHQGL[,,,
=RQH+RXLOOqUHXQLW
5XL
6DPSOH5XLZDVFROOHFWHGFORVHWR WKH+RXLOOHU)URQW)LJZKHUHGHWULWDOPLFDJUDLQVDUH
SUHGRPLQDQW7KHDJHVSHFWUXPVKRZVDVWDLUFDVH)LJD7KH\RXQJHVWVWHSKDVDQDJHRI0D
DQGRYHUWKHQH[W¿YHVWHSVWKHDJHLVLQFUHDVLQJFRQWLQXRXVO\WRDQDJHRI0DEHIRUHDQDSSDUHQW
SODWHDXDW0DLVUHDFKHGFKDUDFWHUL]HGE\WKUHHVWHSV)RUWKHODVWVWHSVWKHDJHLQFUHDVHVXSWR
0D)LJD,QWKHOLWHUDWXUHVXFKVWDLUFDVHVKDSHGDJHVSHFWUDDUHVRPHWLPHVGHVFULEHGDVGXH
WRGLIIXVLYHORVVHJ0DUNOH\HWDO,QWKLVLQWHUSUHWDWLRQWKHGLVWXUEDQFHLVGDWHGDW0D
E\WKH¿UVWVWHS+RZHYHUDVZDVPHQWLRQHGDERYHWKH\DUHEHVWLQWHUSUHWHGDVPL[HGDJHVLQVWHDG
7KH&O.YVDJHGLDJUDP)LJXUHEFOHDUO\HYLGHQFHVD OLQHDU UHODWLRQVKLSEHWZHHQ WKH
&O.FRQWHQWDQGWKHDSSDUHQWDJHVRIWKHGLIIHUHQWVWHSV7KLVYHUL¿HVWKHRFFXUUHQFHRIDELQDU\
PL[WXUHLQDJUHHPHQWZLWKWKHSHWURORJLFDOFRQVWUDLQWV$OSLQHPLFDLVVXERUGLQDWHDQGYHU\VPDOOLQ
JUDLQVVL]HȝP1RQHRIWKHVWHSDJHVUHÀHFWVRQO\$OSLQHPLFDVDOOVWHSV\LHOGPL[HGDJHV
YHU\IDUUHPRYHGIURPDQ$OSLQHDJH
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)LJD$U$UDJHVSHFWUXPDQG&O.UDWLRRIVDPSOH5XLVKRZLQJDVWDLUFDVHVKDSH7KH
LQWHJUDWHGDJHRIDOOVWHSVLV0DEOLQHDUWUHQGRIWKH&O.UDWLRZLWKWKHVWHSDJHHYLGHQFLQJD
PL[WXUHF$U$UDJHVSHFWUXPDQG&O.UDWLRRIVDPSOH/QVKRZLQJDVWDLUFDVHVKDSHLQWHJUDWHG
DJHV0D0DXQSLFNHGDQGSLFNHGIUDFWLRQUHVSHFWLYHO\WKHGLIIHUHQFHEHWZHHQWKH
IUDFWLRQVZDVDOUHDG\GLVFXVVHGG0LFDFRPSRVLWLRQRIVDPSOH5XLIRUWKHGLIIHUHQWSRSXODWLRQV
HYLGHQFHGE\(03DQDO\VLVH$U$UDJHVSHFWUXPDQG&O.UDWLRRIVDPSOH5XLVKRZLQJDVWDLUFDVH
VKDSH7KHLQWHJUDWHGDJHRIDOOVWHSVLV0D1RWHWKDWLQFRQWUDVWWRWKHRWKHUVDPSOHVRIWKLV
XQLWLQWKLVP\ORQLWHFRQWDLQVDVXEVWDQWLDODPRXQWRIPHWDPRUSKLFPLFDVDVHYLGHQFHGE\YHU\KLJK&O.
UDWLRVI&O.YVDJHFRUUHODWLRQGLDJUDPHYLGHQFLQJDSRSXODWLRQ%'ZLWKDPLQLPDODJHRI0DDQG
DQPD[LPDODJHIRUSRSXODWLRQ&'RI0D
)URP+3WRODWHVWDJHGHIRUPDWLRQ

5XLLVIURPDQLQWHUPHGLDWHSRVLWLRQZLWKUHVSHFWWRWKHVDPSOHVDQDO\VHGE\)UHHPDQ
HWDODQGDJUHHVZHOOZLWKWKHLUUHVXOWVZKLFKVKRZDQDJHWUHQGIURP!0DFORVHWRWKH
+RXLOOHU)URQWWR0DWRZDUGVPRUHLQWHUQDOSRVLWLRQV7KHIDFWWKDW6DPSOH5XLIROORZVWKLV
WUHQGVXSSRUWVWKHDERXQGDQWHYLGHQFHIRUDPL[WXUHEHWZHHQDPHWDPRUSKLFDQGDGHWULWDOSRSXODWLRQ
EHFDXVHDOOWKHVHVDPSOHVDUHZHOOEHORZWKH7FIRUWKH5E6UDQG$U$ULVRWRSLFV\VWHP2QWKHRWKHU
KDQGWKLVWUHQGLVDOVRFRPSDWLEOHZLWKWKHREVHUYDWLRQRIDGHFUHDVLQJLQWHQVLW\RIWKHGHIRUPDWLRQ
WRZDUGVWKH1:7KHIDFWWKDW5E6UDQG$U$UGDWD\LHOGWKHVDPHDJHLQGLFDWHVWKDWGHIRUPDWLRQ
UDWKHUWKDQGLIIXVLRQLVUHVSRQVLEOHIRUWKLVDJHWUHQGDVFRQYHQWLRQDOO\QR6UGLIIXVLRQLVH[SHFWHGLQ
ZKLWHPLFDDWVXFKORZWHPSHUDWXUHV
/Q
7KLV VDPSOH IURP WKH LQWHUPHGLDWH=RQH+RXLOOqUHDOVRFRQWDLQV UHOLFWLFGHWULWDOPLFDV )LJ]
,W KDV EHHQ VWDWHG WKDW FOHDU HYLGHQFH IURP WKHPLFURVWUXFWXUDO REVHUYDWLRQV RQRQHKDQG DQG DQ
LQYHUVHUHODWLRQVKLSEHWZHHQ&O.UDWLRDQGVWHSDJHVRQWKHRWKHUKDQG)LJFERWWRPSRLQWWRD
ELQDU\PL[LQJDJHEHWZHHQDGHWULWDODQGDPHWDPRUSKLFFRPSRQHQWIRUWKLVVDPSOH,WZDVVKRZQ
WKDWFRPSDULQJWKHSLFNHGDQGXQSLFNHGIUDFWLRQVDFRQWDPLQDWLRQLQWKH¿UVWVWHSVFDQEHH[FOXGHG
7KHUHIRUHWKHVHFRQGVWHSRIWKHSLFNHGVDPSOHUHSUHVHQWVWKHVWHSZLWKWKHVPDOOHVWFRQWDPLQDWLRQ
E\GHWULWDOPLFDVZKLFKDOORZVIRUDQHVWLPDWHRQ WKHPD[LPXPDJHRI0DIRUDQDOSLQH
PHWDPRUSKLFSRSXODWLRQ
5XL
6DPSOH5XLLVDP\ORQLWLF&DUERQLIHURXVPHWDFRQJORPHUDWHDQGGHULYHVIURPWKH'WHFWRQLF
FRQWDFWEHWZHHQWKH=RQH+RXLOOqUHXQLWDQGWKH5XLWRUXQLW)LJ7KHLQWHQVLW\RIWKHGHIRUPDWLRQ
LQWKLVP\ORQLWLFVDPSOHLVKLJKHUFRPSDUHGWRWKHXQGHUDQGRYHUO\LQJXQLWV=RQH+RXLOOqUHXQLWDQG
5XLWRUXQLWUHVSHFWLYHO\0LFURVWUXFWXUDOREVHUYDWLRQVLQWKLQVHFWLRQHYLGHQFHDGRPLQDQFHRIDOSLQH
PHWDPRUSKLFPLFDV6RPHLVRODWHGGHWULWDOPLFDVDUHVWLOOSUHVHQWEXWFOHDUO\VXERUGLQDWH0RUHRYHU
PLFDV IRUPHGGXULQJ WKH¿UVW SKDVH RI GHIRUPDWLRQ ' VXUYLYHG WKH VXEVHTXHQWP\ORQLWLVDWLRQ
GXULQJ'7KHYDULDWLRQ LQPLFDFRPSRVLWLRQDQG WKHFRUUHODWLRQZLWK WKHGLIIHUHQWGHIRUPDWLRQ
SKDVHVDUHVKRZQLQ¿JXUHG
7KHUHVXOWLQJDJHVSHFWUXPVKRZVDVWDLUFDVHZLWKLQFUHDVLQJVWHSDJHVIURP0DXSWR
0D)LJH7KLVSRLQWVRQFHPRUHWRDPL[HGDJHDQGFRQ¿UPVWKHPLFURVWUXFWXUDOREVHUYDWLRQ
)ROORZLQJ9LOODWKHVWHSZLVHKHDWLQJGDWDDUHSORWWHGRQD&O.YVDJHGLDJUDP)LJI
'DWDSRLQWVDOOIDOOLQDWULDQJOHZKRVHYHUWLFHVDUH$%DQG&ZKLFKGH¿QHWKH³HQGPHPEHUV´RI
WKHGLIIHUHQWSRSXODWLRQV$SUHFLVHGHWHUPLQDWLRQRIWKH³HQGPHPEHUV³LVQRWSRVVLEOHEHFDXVHPRVW
RIWKHVWHSVGH¿QHWKHWUHQGIURPYHUWH[$LQKHULWHGFRPSRQHQWWRZDUGVYHUWH[&'DQGWKHUHIRUH
WKHYHUWH[%'LVQRWZHOOGH¿QHG)LJI1HYHUWKHOHVVWKHFRUUHODWLRQGLDJUDPSRLQWVWRZDUGV
DQLQKHULWHGFRPSRQHQWDWOHDVWDVROGDV0D$LQ)LJIDPLQLPXPDJHIRU'RI0D%
LQ)LJIDQGDPD[LPXPDJHRI0D&LQ)LJIIRUWKHVHFRQGSKDVHRIGHIRUPDWLRQ
5XLWRU8QLW
,QRUGHUWRKDYHFRQWURORQWKHSURFHVVHVWDNLQJSODFHGXULQJWKHDOSLQHPHWDPRUSKLFF\FOHDQG
H[FOXGHSUH$OSLQHUHOLFVRQO\3HUPR0HVR]RLFVHGLPHQWVZHUHGDWHGLQWKLVXQLW1RWHWKDWGHWULWDO
PLFDV DUH VWLOO H[SHFWHG WR KDYH EHHQSUHVHQW LQ WKH VHGLPHQW EXW OHVV WKDQ LQ SRO\PHWDPRUSKLF
EDVHPHQW)LYH3HUPR7ULDVVLFVDPSOHVZHUHGDWHG)LJ7KHSUHYLRXVO\PHQWLRQHGJUDGLHQWLQ
WKHLQWHQVLW\RIWKHGHIRUPDWLRQLVUHVSRQVLEOHIRUDPLQHUDORJLFDOGLIIHUHQFHIURPZHVWH[WHUQDO
WRHDVWLQWHUQDOH[SUHVVHGE\DGHFUHDVLQJDPRXQWRIGHWULWDOPLFDVDQGDQLQFUHDVLQJDPRXQWRI
PHWDPRUSKLFPLFDV
&KDSWHU

&HUH	&HUH
6DPSOHV&HUHDQG&HUHDUHWDNHQIURPWKH3HUPR7ULDVVLFFRYHUZKLFKIRUPVGHFDPHWULF
WKLFNEDQGFURSSLQJRXWWKURXJKRXWWKHHQWLUH9DOJULVHQFKH&DE\%XFKHUHWDOD6DPSOH
&HUHZDVWDNHQLQDVOLJKWO\PRUHH[WHUQDOSRVLWLRQE\FDP)LJ
&HUHVKRZVDPL[WXUHGLVFRUGDQWDJHVSHFWUXP7KHVLQJOHVWHSDJHVYDU\EHWZHHQDQG
0D)LJD7KHPL[WXUHEHWZHHQ$OSLQHPHWDPRUSKLFPLFDVDQGGHWULWDOJUDLQVHYLGHQFHGE\
SHWURORJLFDODQGPLFURVWUXFWXUDOREVHUYDWLRQLVFRQ¿UPHGE\WKHYDULDWLRQVRIWKH&O.)LJE
6DPSOH&HUHGLVSOD\VDQDSSDUHQWSODWHDXDJHDW0DZKLFKLQFOXGHVDOOVWHSVH[FHSW
WKH¿UVWDQGODVWWKUHHVWHSV)LJD$QDJHLQFUHDVHLQWKHODVWVWHSVLVH[SODLQHGE\FRQWDPLQDWLRQ
RIRWKHUPLQHUDOVKDYLQJKLJK&O.UDWLRV
$OWKRXJK D FOHDU UHODWLRQVKLS EHWZHHQ WKH&O. UDWLR DQG WKH SHUFHQWDJH RI WKH UHOHDVHG
$UH[LVWVIRUERWKVDPSOHV)LJEWKHUHVROXWLRQLQWKH&O.YVDJHGLDJUDPLVQRWVXI¿FLHQW
HQRXJKIRUDQ\LQWHUSUHWDWLRQRQWKHDJHRIGLIIHUHQW³HQGPHPEHUV´(YHQLIQRDJHGHWHUPLQDWLRQ
FDQEHGRQHRQWKHVHVDPSOHVWKHXSZDUGFRQYH[DJHVSHFWUXPRIWKHVDPSOH&HUHWKHLQYHUVH
FRUUHODWLRQEHWZHHQWKH&O.UDWLRDQGVWHSDJHVFOHDUO\LQGLFDWHVDPL[WXUH7KLVLVLQDJUHHPHQWWKH
PLFURVWUXFWXUDOREVHUYDWLRQVXJJHVWLQJDOVRWKHSUHVHQFHRIDGHWULWDOSRSXODWLRQLQWKHVHVDPSOHV
DVZDVVKRZQDERYH7KHUHIRUHLQWHJUDWHGDJHVRI0DDQGRI0DIRUVDPSOH&HUHDQG
&HUH UHVSHFWLYHO\ SRLQW WRZDUGV D QRQ$OSLQH FRPSRQHQWSRSXODWLRQ DV DOVR VXSSRUWHG E\
PLFURVWUXFWXWUDODQGHOHFWURQPLFURSUREHDQDO\VHVVKRZQSUHYLRXVO\0RUHRYHUUHSRUWHGSUHVHQFHRI
SUH$OSLQHPLFDVLQWKHEDVHPHQWURFNVRIWKH5XLWRUXQLW%DXGLQ*LRUJLVHWDOIXUWKHU
VXSSRUWVWKLVVXJJHVWLRQDQGLQGLFDWHVDOVRWKDWWKH.$ULVRWRSLFV\VWHPZDVQRWFRPSOHWHO\UHVHW
LQWKH5XLWRUXQLWGXULQJWKH$OSLQHPHWDPRUSKLFHYHQWV
37
6DPSOH37KDVDPRUHLQWHUQDOSRVLWLRQWKDQ&HUHDQG&HUHQHDUWKHFRQWDFWEHWZHHQWKH
5XLWRUXQLWDQGWKH3/RFHDQLFXQLWRIWKH$YLVHV\QIURP&DE\)LJ
7KHDJHVSHFWUXPLVFKDUDFWHUL]HGE\DDQLFUHDVHLQWKH¿UVWVWHSVDQGDQDSSDUHQWSODWHDX
EHWZHHQ0D)LJF7KH&O.DJHFRUUHODWLRQGLDJUDPOHDYHVVRPHXQFHUWDLQWLHVEXWVWLOO
VKRZLQGLFDWLRQVIRUDVHFRQGPLFDSRSXODWLRQZLWKDPLQLPXPDJHRI0DDQGDWUHQGWRDWKLUG
SRSXODWLRQ \RXQJHU WKDQ 0D )LJ G7KH REVHUYDWLRQ RIPLFUROLWKRQV DQG UHOLFWLF GHWULWLF
ZKLWHPLFDLQWKHPDLQIROLDWLRQVXSSRUWVWKHLQWHUSUHWDWLRQRIDPL[WXUHEHWZHHQ$OSLQHDQGLQKHULWHG
GHWULWDOJUDLQV7KHLQWHUSUHWDWLRQZLOOEHGLVFXVVHGODWHUWRJHWKHUZLWKWKHIROORZLQJVDPSOHV
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)LJD$U$UDJHVSHFWUXP
DQGE&O.UDWLRRIVDPSOH&HUH
DQG&HUHF$U$UDJH
VSHFWUXPRIVDPSOH37DQGG
&O.YVDJHFRUUHODWLRQGLDJUDP
HYLGHQFLQJDPL[WXUHEHWZHHQDOSLQH
PHWDPRUSKLFPLFDVDQGDQLQKHULWHG
FRPSRQHQW1RWHWKDWWKHSODWHDX
LQWKHDJHVSHFWUXPLVJHRORJLFDOO\
PHDQLQJOHVV
)URP+3WRODWHVWDJHGHIRUPDWLRQ

%H]
%H]ZDVFROOHFWHGLQDPRUHLQWHUQDOSRVLWLRQLQUHODWLRQWRWKHSUHYLRXVVDPSOHV)LJ7KH
DJHVSHFWUXP)LJDGLVSOD\VDFRQWLQXRXVLQFUHDVHRYHUWKH¿UVWIRXUVWHSVaRIWKHJDV
DQGFKDQJHVLQWRDÀDWSRUWLRQZLWKDQDSSDUHQWDJHRI0DVWHSaRIWKHJDV,QWKHODVW
WKUHHVWHSVaJDVDIXUWKHULQFUHDVHRIWKHDJHXSWRRYHU0DLVREVHUYDEOH7KHFDOFXODWHG
LQWHJUDWHGDJHIRUDOOVWHSVLV0D7KUHHYHUWLFHVDUHGH¿QHGLQWKH&O.YVDJHSORW)LJ
E9HUWLFHV%DQG&LQGLFDWHVLPLODUWRWKHVDPSOHV37DQG5XLZHLQWHUSUHWYHUWLFHV%DQG
&DVWKHUHSUHVHQWDWLYHVRIWZRDOSLQHSRSXODWLRQV:KLOH$UHSUHVHQWVLQKHULWHGSUH$OSLQHUHOLFV
%DQG&DUHYHU\GHSHQGHQWRQWKUHHVWHSVDQGKHQFHQRWZHOOFRQVWUDLQHG1HYHUWKHOHVV
DOOWKHRWKHUVWHSVIDOOLQWRWKHWULDQJOHGH¿QHGE\$%DQG&ZKLFKVXSSRUWVDPL[WXUHEHWZHHQ
WKH³HQGPHPEHUV´GH¿QHGE\ WKHYHUWLFHV )LJE1RWH WKDW VWHSZDVH[FOXGHGDVSUREDEOH
DOWHUDWLRQSKDVHVDQGDQGVWHSZDVH[FOXGHGGXHWRLQFRQVLVWHQFLHVGXULQJWKHPHDVXUHPHQW$VD
FRQVHTXHQFHRIWKLVREVHUYDWLRQWKH³SODWHDX´YLVLEOHLQWKHDJHVSHFWUXPLVRQO\DSSDUHQWDQGKDVQR
JHRORJLFDOPHDQLQJ,WLVIRUPHGEDDPL[WXUHRI$OSLQHPHWDPRUSKLFDQGLQKHULWHGGHWULWDOPLFDV
ZKLFKGHJDVRYHUYHU\VLPLODUWHPSHUDWXUHLQWHUYDOV)XUWKHUPRUHLWVKRXOGEHQRWHGWKDWWKHVKDSH
RIWKHDJHVSHFWUXPLVPDLQO\DIXQFWLRQRIWKHPDVVEDODQFHEHWZHHQWKHWZRSRSXODWLRQVLQFDVH
RIDPL[WXUHDIIHFWLQJLQDOOVWHSVDSUHFLVHTXDQWL¿FDWLRQRIWKH³HQGPHPEHUV´LVGLI¿FXOWDVLVWKH
FDVHIRUWKLVVDPSOH
5GO
6DPSOH5GOZDVFROOHFWHGLQWKHLQWHUQDOSDUWRIWKH5XLWRUXQLWXSSHUPRVW9DOJULVHQFKH)LJ
DQGEHORQJVWRWKH\RXQJHU7ULDVVLFVHTXHQFH7KLVVDPSOHLVUHSUHVHQWDWLYHIRUWKHPRVWLQWHQVHO\
GHIRUPHGLQWHUQDOSDUWRIWKLVXQLW
7KHDJHVSHFWUXPGLVSOD\VDVWDLUFDVHVKDSH7KHDJHVRIWKHGLIIHUHQWVWHSVYDU\EHWZHHQ
0DDQG0D)LJD7KH¿UVW¿YHVWHSVVKRZDFRQWLQXRXVLQFUHDVHWR0D2YHUWKHQH[W
¿YHVWHSVHDFKFRQWDLQLQJEHWZHHQJDVDFRQWLQXRXVGHFUHDVHWR0DLVREVHUYDEOHDQG
FXPXODWLYHO\RIWKHJDVLVUHOHDVHGGXULQJWKHVHVWHSV,QWKH&O.YVDJHFRUUHODWLRQGLDJUDP
WZRWUHQGVDUHREVHUYHGGH¿QLQJDYHUWH[FORVHWRWKHFOXVWHURIWKHVWHSVWR)LJE7KHWZR
RWKHUYHUWLFHVDUHQRWFRQVWUDLQHGSUHFLVHO\KRZHYHUWKH\DOORZDQLQWHUSUHWDWLRQ7KHWUHQGVGH¿QHG
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)LJD$U$UVWHSZLVHKHDWLQJVSHFWUXPRI
VDPSOH%H]DQG5GOE&ONDJHGLDJUDP
LQGLFDWLQJRQHLQKHULWHG$DQGWZRDOSLQH%	&DQG
FRPSRQHQWVIRUVDPSOH%H]WKH&O.DJHGLDJUDP
RI5GOVKRZVDYHUWH[SRLQWLQJWRDQDJHRI
0DIRUWKHDOSLQH'SRSXODWLRQ
&KDSWHU

E\VWHSVDQGE\WKHVWHSVUHVSHFWLYHO\LQGLFDWHDVHFRQGDOSLQHSRSXODWLRQDQGDPLQRU
SRUWLRQRILQKHULWHGPLQHUDOVUHVSHFWLYHO\)LJE7KHGRPLQDQWSRSXODWLRQUHSUHVHQWHGE\WKH
YHUWH[%VKRZQLQWKHFRUUHODWLRQGLDJUDP)LJEKDVDQDJHRI0DDQGLVLQWHUSUHWHGDV'
VLQFHPLFURVWUXFWXUDOREVHUYDWLRQVDWWHVWWKDWWKLVLVWKHSUHGRPLQDQWJHQHUDWLRQ
,QVXPPDU\WKHVLPLODULW\RIWKHDJHVSHFWUDRQRQHKDQGDQGWKHSURJUHVVLYHHYROXWLRQRI
WKHDJHVLQWKH5XLWRUXQLWDUHVKRZQLQ)LJXUH,QWHJUDWHGDJHVIRULQGLYLGXDOVDPSOHVVKRZD
FRQWLQXRXVGHFUHDVH IURP0D WR LQ UHODWLRQ WR WKHLU VWUXFWXUDOSRVLWLRQ0D )LJD$OO
VDPSOHVVKRZLQGLFDWLRQVIRUPL[HGDJHV7KHUHVROXWLRQRIWKHFRUUHODWLRQGLDJUDPLVQRWDOZD\V
VXI¿FLHQWWRGHWHUPLQHDOOSRVVLEOHUHVHUYRLUVSUHFLVHO\+RZHYHUWKHLUVLPLODULWLHVVXJJHVWDFRPPRQ
SURFHVV WR EH UHVSRQVLEOH IRU WKHVH REVHUYDWLRQV7KHUHIRUH DOO VDPSOHV IURP WKH5XLWRU XQLW DUH
SORWWHGLQRQHFRUUHODWLRQGLDJUDP&O.YVDSSDUHQWDJH)LJE7KH\GH¿QHDZHOOFRQVWUDLQHG
SRO\JRQZLWKYHUWLFHVGH¿QHGE\WKHPHDVXUHPHQWVRIPXOWLSOHVDPSOHV7KHUHVXOWLQJDJHVRIWKH
WKUHHYHUWLFHVLQWHUSUHWHGWRUHSUHVHQWWKHWKUHHPLFURVWUXFWXUDOO\HYLGHQFHGSRSXODWLRQVDUHVKRZQ
LQ)LJD2QHYHUWH[GH¿QHVDQDJHRIDERXW0DZKLFKLVFRPSDWLEOHZLWKWKHREVHUYDWLRQIURP
VDPSOH5GODQGLVLQWHUSUHWHGWRUHSUHVHQW'7KHVHFRQGYHUWH[SRLQWVWRDSRSXODWLRQZLWKDQ
DJHRI0DFRPSDWLEOHZLWKWKHREVHUYDWLRQVIRU'LH9JDVHHEHORZ7KHODVWYHUWH[
GH¿QHGE\WKHH[WUDSRODWLRQRIWKHPHDVXUHPHQWVVXJJHVWVDQDJHRIDERXW0D2QWKHEDVLVRI
PLFURVWUXFWXUDODQGHOHFWURQPLFURSUREHDQDO\VHVWKH&UHWDFHRXVDJHLVEHOLHYHGWREHGHULYHGIURP
LQKHULWHG GHWULWDOPLFDV WKDWZHUH SDUWO\ UHRSHQHG7KLV LV VXSSRUWHG E\ REVHUYDWLRQ RI ]RQHG
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DOWHUDWLRQ DQG FRQWDPLQDWLRQ
ILUVW DQG ODVW VWHSV
'
'
)LJD$JHVSHFWUDRIDOOVDPSOHVIURPWKH
5XLWRUXQLW1RWHWKHUHODWLRQVKLSEHWZHHQWKH
VWUXFWXUDOSRVLWLRQDQGWKHLQWHJUDWHGDJHE
&RPSLODWLRQRIDOOVDPSOHVIURPWKH5XLWRXQLW
LQD&O.YVDJHFRUUHODWLRQGLDJUDP7KHWKUHH
YHUWLFHVSRLQWLQJWRDQDJHRI0DIRU'
0DIRU'DQGLQLQKHULWHGFRPSRQHQWRI
DERXW0D7KHLQKHULWHGPLFDVDUHSUREDEO\
SDUWO\UHRSHQHGDVHYLGHQFHE\D]RQLQJ
)URP+3WRODWHVWDJHGHIRUPDWLRQ

,QWHUQDOXQLW
9JD
9*$ LV DP\ORQLWLF7ULDVVLF TXDUW]LWH FROOHFWHG DW WKH WHFWRQLF FRQWDFW EHWZHHQ WKH ,QWHUQDO
XQLW DQG WKH 3/RFHDQLF XQLW )LJ   7KHVHP\ORQLWHV DVVRFLDWHGZLWK WKH WHFWRQLF FRQWDFW DUH
DWWULEXWHG WR WKH VHFRQGSKDVHRIGHIRUPDWLRQ '%XFKHU HW DO D)URPDPLFURVWUXFWXUDO
DQGDPLFURFKHPLFDOSRLQWRIYLHZQHLWKHUDVHFRQGSRSXODWLRQQRUVXEVWDQWLDO UHWURJUHVVLRQDUH
SUHVHQWLQWKLVVDPSOH7KHUHIRUHWKHDJHRIWKLVVDPSOHFDQEHLQWHUSUHWHGWRUHSUHVHQWWKHDJHRI
WKHVHFRQGSKDVHRIGHIRUPDWLRQ'7KHDJHVSHFWUXPVKRZVDÀDWEXWVOLJKWO\LQFUHDVLQJDJH
VSHFWUD)LJD,QOLWHUDWXUHVXFKDOPRVWÀDWDJHVSHFWUDVWHSWRDUHVRPHWLPHVLQWHUSUHWHG
DVSODWHDXDJHVHJ'DO3LD]HWDOGHVSLWHVPDOOEXWVLJQL¿FDQWGLIIHUHQFHVRIWKHVWHSDJHV
+RZHYHUDSSOLFDWLRQRI&O.YVDJHFRUUHODWLRQGLDJUDP)LJEUHYHDOVDWUHQGLHWKDWWKHVH
DUHKHWHURFKHPLFDOPL[WXUHVFRPSDUHH[DPSOHVLQ9LOODHWDO7KLVUHTXLUHVWRRQO\FRQVLGHU
WKH VWHSZLWK WKH ODVWGLOXWHGFKHPLFDO VLJQDWXUH DV WKDW UHSUHVHQWLQJ WKH WUXHDJHRIRQH VSHFL¿F
UHVHUYRLUVWHSVDQGLQ9JDXQSLFNDQGSLFNUHVSHFWLYHO\DQGQRWWKHDYHUDJHRIWKH¿YH
WRVL[KHWHURFKHPLFDOVWHSV7KHFOHDUDWWULEXWLRQRIWKLVTXDU]LWLFP\ORQLWHWRWKHVHFRQGSKDVHRI
GHIRUPDWLRQDOORZVWKHUHIRUHSODFLQJWKHDJHIRU'DW0D

9JD
6DPSOH9JDD3HUPR7ULDVVLFPHWDVHGLPHQWLVGRPLQDWHGE\'PLFDV,QZHDNO\GHIRUPHG
SRUWLRQVWKH'PLQHUDODVVHPEODJHJUWSKJFOGLVVWLOOSUHVHUYHGVHH)LJFLQ%XFKHUHWDOD
DQGKHQFHDPL[HGDJHLVH[SHFWHGIRUWKLVVDPSOH
7KHDJHVSHFWUXPUHSUHVHQWVLVLQGHHGGLVFRUGDQW)LJD2YHUWKH¿UVWIRXUVWHSVWKHVWHS
DJHVFRQWLQXRXVO\LQFUHDVHIURP0DWR0D7KHQWKH\GHFUHDVHWR0DVWHSVJDV
EHIRUHULVLQJDJDLQWR0D)LJD
 7KHGLVWLQFWLRQRIWKHGLIIHUHQWSRSXODWLRQVE\WKH&O.FRUUHODWLRQGLDJUDPLVVKRZQ
LQ)LJXUHE7KH³PLQLPXPWULDQJOH´GH¿QHGE\DOOVWHSVSRLQWVWRZDUGVDQDJHEHWZHHQDQG
0DIRUWKHROGHU'SRSXODWLRQ7KHDJHRIWKH'SRSXODWLRQLVQRWZHOOFRQVWUDLQHG)LJEDV
LWLVPDVNHGE\WKHDOWHUDWLRQWUHQGZLWK&O.!DQGW0D
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DOWHUDWLRQ
RU'
)LJ6DPSOHVRIWKH,QWHUQDOXQLWD
$U$UDJHVSHFWUDRIWKH'P\ORQLWH
VDPSOH9JDDQGVDPSOH9JD
E&O.YVDJHFRUUHODWLRQGLDJUDPV
SRLQWLQJWRDYHUWH[DW0DIRU'
P\ORQLWL]DWLRQVDPSOH9JDDQG
DYHUWH[DW0DIRU'LQVDPSOH
9DJ
&KDSWHU

,QVXPPDU\WKH$U$UGDWDFRQ¿UPWKHPLFURVWUXFXUDOREVHUYDWLRQVRIDPL[WXUHEHWZHHQ
D'SRSXODWLRQDQGD\RXQJHUSRSXODWLRQLQWKLVVDPSOH7KHLQIHUUHGDJHIRU'LVFD0D
FRQ¿UPLQJWKHRWKHUVDPSOHVLH5GO
3LHPRQW/LJXULDQXQLW6FKLVWHVOXVWUpV
,Q WKH 3/RFHDQLF XQLW WKUHH VDPSOHV $UY9DXG DQG7UDMZHUH GDWHG7ZR RI WKHP
DUHFDOFVFKLVWV$UY7UDMDQGRQHLVDQHFORJLWLFERXGLQ9DXGIURPZKLFKWKUHH
GLIIHUHQWJUDLQVL]HVZHUHLQGLYLGXDOO\GDWHG6DPSOH$UYGHULYHVIURPDYHU\H[WHUQDOSRVLWLRQ
RIWKH$YLVHV\QIRUP&DE\)LJD'V\QIURPSLQFKHGLQWKH5XLWRUXQLW%XFKHUHWDO
D7KHWZRRWKHUVDPSOHVZHUHFROOHFWHGLQPRUHLQWHUQDOSRVLWLRQV9DOVDYDUDQFKH)LJ
$UY
$UY LV DQ LPSXUH OLPHVWRQH GHULYHG IURP WKH$YLVH V\QIURP &DE\  WKHPRVW H[WHUQDO
RFFXUUHQFH WKH RI 3LHPRQW/LJXULD RFHDQLF XQLW LQ WKH VWXG\ DUHD 'HIRUPDWLRQ LQ WKLV VDPSOH
HVSHFLDOO\WKHVHFRQGIROLDWLRQ6LVZHDNEHFDXVHLWLVSLQFKHGEHWZHHQOHVVFRPSHWHQWFDOVFKLVWV
7KLVVDPSOH\LHOGVDVWDLUFDVHVKDSHGDJHVSHFWUXPZLWKVWHSDJHVFRQWLQXRXVO\LQFUHDVLQJ
IURP0DWR0DDWVWHSVHYHQ)LJDIROORZHGE\VOLJKWGHFUHDVHWR0DLQWKHODVWVWHSV
7KH&O.FRUUHODWLRQGLDJUDPLVZHOOFRQVWUDLQHGDQGVXJJHVWVDQDJHRI0DIRUWKH\RXQJHUDQG
RI0DIRUWKHROGHUSRSXODWLRQ)LJE
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)LJD$U$UDJHVSHFWUDDQGE&O.DJHGLDJUDPRIVDPSOH$UY9HUWH[$UHSUHVHQWVWKH'SRSXODWLRQ
DQG%WKH'SRSXODWLRQZLWKDQGDQRIFD0DDQGFD0DUHVSHFWLYHO\F$U$UDJHVSHFWUDDQGE&O.
DJHGLDJUDPRIVDPSOH9DXG1RWHWKDWKHUHODWLYHGLIIHUHQFHSUHVHQWLQWKHVWHSZLVHKHDWLQJVSHFWUDLVHTXDOO\
UHSUHVHQWHGLQWKH&/.DJHGLDJUDP7KHVL]HIDFWLRQVRI9DXG9DXGDQG9DXGDUHȝP
ȝPDQGȝPUHVSHFWLYHO\H$U$UDJHVSHFWUDRIVDPSOH7UDM0D[LPDODQGPLQLPDODJHIRUWKHWZR
SRSXODWLRQVDIWHUWKHV\VWHPDWLFRI:LMEUDQVDQG0F'RXJDODUH0DDQG0DUHVSHFWLYHO\I&O.DJHGLDJUDPRI
VDPSOH7UDMLQGLFDWLQJDQG'$SRSXODWLRQRI0DDQGD'%SRSXODWLRQRI0D
)URP+3WRODWHVWDJHGHIRUPDWLRQ

9DXG
7KHGLIIHUHQFHLQWKHDJHVSHFWUDRIWKHWKUHHGDWHGJUDLQVL]HVDUHDVGLVFXVVHGLQDIRUPHUVHFWLRQ
7KHDJHVSHFWUXPLVÀDWRYHURIWKHUHOHDVHGJDVDQGDOOVWHSVRIWKHVHVDPSOHVH[FHSWWKH¿UVW
WZRDQGWKHODVWVWHSSORWLQDQDUURZ¿HOGLQWKH&O.YVDJHFRUUHODWLRQGLDJUDP&O.
)LJG7KHGRPLQDWLQJSRSXODWLRQLVLQWHUSUHWHGDVPLFDVJURZQGXULQJ'DQGLWVYHUWH[SORW
FORVH WR VWHS DV VKRZQ)LJXUHG VWHS	 LQ9DXG DQG9DXG UHVSHFWLYHO\)LJ
G,QVDPSOH9DXGWKHYHUWH[LWVHOILVQRWUHSUHVHQWHGE\DSDUWLFXODUVWHSQHYHUWKHOHVVWKH
LQWHUSRODWLRQEHWZHHQWKHGLIIHUHQWSRLQWVVXJJHVWVDYHUWH[FORVHWRWKDWRIVDPSOH9DXG7KH
UHVXOWLQJYHUWLFHVRIWKH&O.YVDJHGLDJUDPDUHHTXDOZLWKLQWKHHUURU9DXG
0D9DXG9DXG6DPSOH9DXGVKRZVLWKDWVWUXFWXUDO
DQGSHWURORJLFDOREVHUYDWLRQVVXJJHVWLQJWKHSUHVHQFHRIRQO\RQHPLFDSRSXODWLRQLQWKLVVDPSOH
DUHYHUL¿HGE\WKHXQLIRUPFKHPLFDOVLJQDWXUH&O.IRUWKHWKUHHIUDFWLRQVLLWKDWWKHUHIRUHWKH
DJHVGHWHUPLQHGE\WKH&O.YVDJHFRUUHODWLRQGLDJUDPDQGWKHLQWHJUDWHGDJHVRIWKHVWHSKHDWLQJ
VSHFWUDDUHLGHQWLFDO
7UDM
$VPHQWLRQHGDERYHWKHSLFNHGDQGXQSLFNHGIUDFWLRQRIVDPSOH7UDMJLYHDOPRVWLGHQWLFDODJH
VSHFWUDDQG&O.YVDJHFRUUHODWLRQGLDJUDPV%RWKDJHVSHFWUDLQFUHDVHIURP0DWR0DLQWKH
LQWHUPHGLDWHWHPSHUDWXUHVWHSVDQGGHFUHDVHDJDLQWR0DLQWKHODVWVWHSV)LJH7KLVXSZDUGV
FRQYH[DJHVSHFWUXPUHSUHVHQWVWKHW\SLFDOVKDSHIRUDSKHQJLWHPXVFRYLWHPL[WXUH:LMEUDQVDQG
0F'RXJDOO
7KHVHDXWKRUVGHPRQVWUDWHGWKDWWKHROGHVWVWHSVRIWKHDJHVSHFWUXPRIDV\QWKHWLFPL[WXUH
GH¿QHWKHPLQLPXPDJHIRUWKHROGHUSKHQJLWHSRSXODWLRQDQGWKH\RXQJHVWVWHSVGH¿QHWKHPD[LPXP
DJH IRU WKHPXVFRYLWH SRSXODWLRQ$SSO\LQJ WKHVH V\VWHPDWLFV WR7UDM VXJJHVWV WKDW WKH ROGHU
SRSXODWLRQKDVDQDJHRIDQG0DIRU WKHXQSLFNHGDQGWKHSLFNHGIUDFWLRQUHVSHFWLYHO\
)LJH7KH\RXQJHUSRSXODWLRQLV0DIRUERWKIUDFWLRQV)LJH$SSOLFDWLRQRIWKH
FKHPLFDOFULWHULDUHVXOWVLQYHU\VLPLODUFRQFOXVLRQV7KHSRO\JRQUHVXOWLQJIURPWKH&O.YVDJH
FRUUHODWLRQGLDJUDPLV WKHVDPHIRU WKHSLFNHGDQGXQSLFNHGIUDFWLRQDQGVXJJHVWVDQDJHIRU WKH
\RXQJHUSRSXODWLRQ 'RI0DDQGDQDJHEHWZHHQ DQG0D IRU WKHROGHU '
SRSXODWLRQ)LJI1RWHWKDWWKHYLVXDOHVWLPDWLRQIROORZLQJ:LMEUDQVDQG0F'RXJDOODQG
WKH³UHVHUYRLU´GHWHUPLQDWLRQRIWKH&O.YVDJHGLDJUDPJLYHLGHQWLFDODJHV
,Q VXPPDU\ WKH IROORZLQJ REVHUYDWLRQV FKDUDFWHUL]H WKH 3/ RFHDQLF XQLW L RQO\$OSLQH
GHIRUPDWLRQDJHVDUHREVHUYHGQRLQGLFDWLRQVIRU³H[FHVV´DUJRQRULQKHULWHGDJHVGRRFFXULL
:KLOH LQ VDPSOHV FKDUDFWHUL]HG E\ ÀDW DJH VSHFWUDPLFURVWUXFWXUDO DQG SHWURORJLFDO REVHUYDWLRQV
LQGLFDWHWKHGRPLQDQFHRIRQO\RQHSKDVHRIGHIRUPDWLRQLQVDPSOHVZLWKGLVFRUGDQWDJHVSHFWUDWKH
SUHVHQFHRIPXOWLSOHPLFDSRSXODWLRQVFDEHGRFXPHQWHG7KHGLIIHUHQWSRSXODWLRQVFDQEHFKHPLFDOO\
GLVWLQJXLVKHGDQGWKH³HQGPHPEHUV´KDYHWKHVDPHDJHVDVWKHSODWHDXDJHVSURYLGHGE\VDPSOHV
ZLWKDVLQJOHSRSXODWLRQRQO\9DXG9JD
6XPPDU\DQG,QWHUSUHWDWLRQ
7KH HQWLUH VDPSOH VHOHFWLRQ IURP WKH=RQH+RXLOOqUHXQLW WR WKH3LHPRQW/LJXULDRFHDQLF
XQLWLVFKDUDFWHULVHGE\PL[HGJHQHUDWLRQVRIZKLWHPLFDDQGFRQVHTXHQWO\$U$UPL[HGDJHV
,QWKHH[WHUQDOSDUW=RQH+RXLOOqUHXQLWWHPSHUDWXUHVQHYHUH[FHHGHG&DQGREVHUYHGPL[HG
DJHVDUHGRPLQDWHGE\ WKHGHWULWDOFRPSRQHQW$OO VDPSOHV IURPWKH=RQH+RXLOOqUHXQLWDQG WKH
5XLWRUXQLWVKRZWKHFRPPRQIHDWXUHPRGHUDWHO\VWDLUFDVHVKDSHGDJHVSHFWUDZLWKPRUHRU OHVV
ÀDWSRUWLRQVUDQJLQJEHWZHHQ0DDQG0D7KHVH³SODWHDXDJHVDUHJHRORJLFDOO\PHDQLQJOHVV
&KDSWHU

7KHREVHUYHGDJHVSHFWUDDQG&O.DJHFRUUHODWLRQVDUHW\SLFDOIRUDPL[WXUHEHWZHHQGLIIHUHQWPLFD
JHQHUDWLRQVOHDGLQJWRPL[HGDJHV7KHPLFURVWUXFWXUDODQGHOHFWURQPLFURSUREHUHVXOWVFRQ¿UPWKH
$ULVRWRSLFHYLGHQFHIRUPXOWLSOHSRSXODWLRQVLQWKHVHVDPSOHV6DPSOHVIURPWKH5XLWRUXQLWGLVSOD\
DFRQWLQXRXVGHFUHDVHRIWKHPHDQLQJOHVV³SODWHDXQV´IURP0DLQWKHH[WHUQDOSDUWWR0D
IRUWKHPRVWLQWHUQDOVDPSOHV/LWKRORJLFDOO\DOOVDPSOHVUHSUHVHQW3HUPR7ULDVVLFTXDUW]SK\OOLWHV
DQGJUDLQ VL]HRI DOO GDWHG IUDFWLRQV LVȝP7KHUHIRUH WKHGLIIHUHQFH LQ DJHEHWZHHQ WKH
VDPSOHVFDQQHLWKHUEHGXH WRDGLIIHUHQFH LQ WKHEXON URFNFRPSRVLWLRQQRUGXH WRDJUDLQ VL]H
GHSHQGHQFHRI$UUHWHQWLRQ,QVWHDGEDVHGRQGHWDLOHGWKLQVHFWLRQDQDO\VHVDQGHOHFWURQPLFURSUREH
[UD\PDSSLQJDYDULDEOHPL[WXUHRI$OSLQH'DQG'PLFDVWRJHWKHUZLWKUHOLFWLFGHWULWDOPLFDV
FRXOGEHGHPRQVWUDWHG
)XUWKHUPRUHWKHREVHUYHGGHFUHDVHLQWRWDOIXVLRQDJHLHWKHEXON.$UDJHLVLQDJUHHPHQW
ZLWKWKHREVHUYHGLQFUHDVHLQ$OSLQHGHIRUPDWLRQ%XFKHUHWDODDOHDGLQJWRDQLQFUHDVH
LQQHRIRUPHGZKLWHPLFD7KH OLPLWLQJIDFWRUIRU UHMXYHQDWLRQRIEXON.$UDJHVDSSHDUV WKXV WR
EHWKHH[WHQWRIGHIRUPDWLRQLQGXFHGQHRIRUPDWLRQRIZKLWHPLFD³(QGPHPEHUV´GHGHFWDEOHE\
PLFURFKHPLFDODQDO\VLVSRLQWWRDQDJHRI0DIRU'0DIRU'DQGDGHWULWLF
FRPSRQHQWZLWK DJHV EHWZHHQ 0D DQG 0D7KH W\SLFDO XSZDUGVFRQYH[ DJH VSHFWUD IRU
PL[WXUHVDUHREVHUYDEOH LQ WKH5XLWRUXQLW LQ WKH ,QWHUQDO DQG3/RFHDQLFXQLWV7KHUH LV D FOHDU
UHODWLRQVKLSEHWZHHQWKHREVHUYHGDJHSDWWHUQDQGWKHPLFURVWUXFWXUDOHYLGHQFHIRUVLQJOHJHQHUDWLRQ
PLFDV,QVDPSOH9DXGDQDOPRVWSXUH'PLFDERWK&O.UDWLRVDQGVWHSDJHV
0D)LJDDUHFRQVWDQW VLPLODUO\ VDPSOH9JDFRQVLWVLQJDOPRVWSXUHO\RI'PLFD
KDVFRQVWDQW&O.UDWLRVDQGVWHSDJHV0D)LJF,QPL[HG''PLFDV
XSZDUGFRQYH[DJHVSHFWUDZLWKWKHROGHVWVWHSDJHVDW0DDQGWKH\RXQJHVWRI0DDUHW\SL¿HG
E\)LJXUHE7KHVHREVHUYDWLRQVUXOHRXW³H[FHVV´DUJRQRUDQ\RWKHUNLQGRIGLIIXVLRQDOORVVWR
EHUHVSRQVLEOHIRUWKHRFFXUUHQFHRIWKHGLVFRUGDQWDJHVSHFWUDDVDOUHDG\VKRZQE\:LMEUDQVDQG
0F'XJDOO2XUREVHUYDWLRQVUHTXLUH$UUHWHQWLRQDWWHPSHUDWXUHVKLJKHUWKDQ&DORQJ
WKH(&256&523SUR¿OHDQGHYHQKLJKHUWKDQ&ZLWKUHVSHFWWRWKH0RQWH5RVDVDPSOHV$U
UHWHQWLRQDERYH&KDVDOVREHHQVXJJHVWHGE\RWKHUUHFHQWVWXGLHV+DPPHUVFKPLGWDQG)UDQN
'L9LQFHQ]RHWDO3KLOLSSRWHWDO
'DO3LD]HWDO DQDO\]HGZKLWHPLFDVIURPWKHYHU\LQWHUQDOSDUWRI WKH3/RFHDQLF
XQLWE\WKH$U$ULQFUHPHQWDOKHDWLQJWHFKQLTXH7KHVHDXWKRUVQRWGLVFXVVLQJ&O.V\VWHPDWLFV
LQWHUSUHWHGWKHLUDJHVLQWKHUDQJHEHWZHHQ0DWR0DWRUHSUHVHQW+3IRUPDWLRQDJHV+RZHYHU
LQWHUSUHWDWLRQLQWHUPVRIIRUPDWLRQDJHVLQVWHDGRI³FRROLQJDJHV´LPSOLHVWKDWQHRIRUPHGPLFDVGXULQJ
WKHSRVW+3H[KXPDWLRQUHWURJUHVVLRQPXVWEHUHFRUGHGDVZHOO7KLVZRXOGKDYHWKHLPSOLFDWLRQWKDW
WKHLUDJHVDUHPL[HGDJHVEHWZHHQ+3SKHQJLWHVDQGVXEVHTXHQWVHFRQGDU\PXVFRYLWHV7KHUHIRUH
WKHSXUH+3DJHPXVW EHROGHU FRPSDWLEOH WR WKH0D IRU WKH+3 ODWH' HYLGHQFHG LQ WKLV
VWXG\1RWHWKDW'DO3LD]HWDODOVRDQDO\VHGPD¿FURFNVDQGWKHUHIRUHLQDQDORJ\WRVDPSOH
9DXGRQO\GDWHWKHODWHVWDJHVGXULQJ',QDQRWKHUUHFHQWVWXG\FDUULHGRXWE\$JDUGHWDO
ZKLWHPLFDVIURPWKH3/RFHDQLFXQLWIXUWKHUWRWKHVRXWKKDYHEHHQGDWHGDQGSUHVHQWHGDJHV
IRUWKHGLIIHUHQWPHWDPRUSKLFHYHQWVVLPLODUWRWKHUHVXOWRIWKLVVWXG\$PRUHGHWDLOHGGLVFXVVLRQ
DERXWWKHVHDJHVZLOOEHJLYHQLQWKHQH[WVHFWLRQ
)URPWKLVVWXG\ZHFDQFRQFOXGHWKDWPL[HGSRSXODWLRQVDUHFRPPRQLQPHWDPRUSKLFSRUWLRQV
RIRURJHQVDQGHYHQ+3UHOLFVFDQVXUYLYHVXEVHTXHQWGHIRUPDWLRQDQGPHWDPRUSKLVPFRQVLVWHQW
ZLWKREVHUYDWLRQV LQPRUH UHFHQW OLWHUDWXUH HJ$JDUGHW DO )XUWKHUPRUH WKHSUHVHQFHRI
UHOLFWLFGHWULWDOSDUWLDOO\UHRSHQHGPLFDVLVHYLGHQFHG7KHVDPSOHVIURPWKH0RQWH5RVDXQLWVKRZ
WKDWLQXQGHIRUPHGEDVHPHQWURFNVSUH$OSLQHUHOLFVDUHQRWUHVHWHYHQDW&RQWKHRWKHUKDQG
QHRIRUPHGPLFDVIURPD'P\ORQLWHRIWKHVDPHKRVWURFNGLVSOD\JUHDWXQLIRUPLW\RIWKH&O.UDWLR
FRXSOHGWRXQLIRUPVWHSDJHVRI0DIRUWKHDOSLQH+3DJH7KHFRPELQDWLRQRIWKHGLIIHUHQW
LQGHSHQGHQWREVHUYDWLRQVSURYLGHDVWUDLJKWIRUZDUGH[SODQDWLRQIRU WKH0DDJHVUHFRUGHG
)URP+3WRODWHVWDJHGHIRUPDWLRQ
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)LJ6FKHPDWLFFRPSLODWLRQLOOXVWUDWLQJWKHPDMRULQÀXHQFHRIWKHGHIRUPDWLRQRQWKHUHFRUGHGDJHVD6DPSOHV
ZLWKWKHSUHVHQFHRIRQO\'PLFDVHYLGHQFHGE\PLFURVWUXFWXUDODQG(03DQDO\VLVVKRZSODWHDXDJHVRI0D
ELQWKHPDWUL[RIWKHERXGLQV'DQG'PLFDVDUHHYLGHQFHGDQGDXSZDUGVFRQYH[DJHVSHFWUDW\SLFDOIRUPL[WXUHV
RFFXUV$PLQLPDODJHIRU'RI0DDQGDPD[LPDODJHRI0DLVLQGLFDWHGE\WKHDSSOLFDWLRQRIWKHV\VWHPDWLFIRU
PL[WXUHVVKRZE\:MLEUDQVDQG0F'RXJDOOF'P\ORQLWHVZLWKRXW'UHOLFVVKRZDSODWHDXDJHRI0D
&KDSWHU

LQPRVWRIWKH+3SRUWLRQVRIWWKH$OSVHJ6HVLD0RQWH5RVD*UDQ3DUDGLVRHWFIRURYHUYLHZ
VHH)LJ  RI$JDUG HW DO  WR EH GXH WR LQKHULWHG SUH$OSLQH RU GHWULWDOPLFDVZKLFKZHUH
LQFRPSOHWHO\GHJDVVHGGXHWRDFRPELQDWLRQRI7&DQGLQFRPSOHWHQHRFU\VWDOOL]DWLRQGXHWR
ORZZDWHUDFWLYLW\DQGORZGHIRUPDWLRQUDWH
,QWKH6LYLH]0LVFKDEHOQDSSHZKLFKIRUPVWKHFRQWLQXDWLRQRIWKHLQYHVWLJDWHGXQLWVWRZDUGV
WKHQRUWKDQGFRUUHVSRQGVWRWKH5XLWRUXQLWRIWKLVVWXG\DFFRUGLQJWR*RXIIRQZKLWHPLFD
$U$UDJHVEHWZHHQ0DDQG0DZHUHUHSRUWHGE\0DUNHOH\HWDO$OWKRXJKWKHVH
DXWKRUVPDLQO\LQWHUSUHWDUHODWLRQVKLSEHWZHHQJUDLQVL]HDQGDSSDUHQWDJHIRUWKHFHQWUDO6LYLH]
0LVFKDEHOQDSSHWKHLUGDWDGRQRWVKRZDGLIIHUHQFHLQDJHIRUGLIIHUHQWJUDLQVL]HV)XUWKHUPRUH
WKHVHDXWKRUVGHVFULEH+HUF\QLDQPLFDVULPPHGE\0DROGPLFDVDQGVWDWHGWKLVDVDSUREOHP
EXWFRQFOXGHGWKDWWKHVHPLFDVRYHUHVWLPDWHWKHWLPLQJRIGHIRUPDWLRQE\0D2QWKHRWKHUKDQG
*LRUJLVHWDOVWDWHGWKHSUHVHQFHRISUH$OSLQHDJHVDQGHYHQSURSRVHGD9DULVFDQ37SDWK
IURPWKH$U$UGDWD&UHWDFHRXV$U$UDJHVDUHZHOONQRZQIRUPIXUWKHUVRXWKHJ&KRSLQ	
0DOXVNL0RQLp,QWKHLUJHRFKURQRORJLFDOFRPSLODWLRQ$JDUGHWDO)LJSRLQW
RXWWKDWDSSDUHQWPLFDDJHVEHWZHHQ0DDQG0DZHUHREVHUYHGDORQJWKHHQWLUH:HVWHUQ$OSV
,WVHHPVOLNHO\WKDWWKHREVHUYDWLRQVIURPWKLVVWXG\DUHQRWRQO\OLPLWHGWRWKHSURSHUVWXG\
DUHDEXWKROGDVZHOOWUXHIRUFRUUHVSRQGLQJXQLWVIXUWKHUQRUWKDQGVRXWKRIWKHVWXG\DUHD
,QWHUHVWLQJO\5HGG\HWDOFRQFOXGHWKDWEXON5E6UGDWDIRUUHFU\VWDOOL]HGZKLWHPLFD
LQGLFDWH D DFWLYLW\ RI WKH*UHVVRQH\ VKHDU ]RQH *6= DVVRFLDWHGZLWK WRSWRWKH 6( NLQHPDWLFV
EHWZHHQ0DDQG0D5HGG\HWDO'HVSLWHDOOGLIIHUHQFHVLQWKHLQWHUSUHWDWLRQRIWKH
$U$UGDWDWKHSURSRVHGDJHIRUWKH*6=SHUIHFWO\¿WVWKHJHRG\QDPLFPRGHORI%XFKHUHWDO
D D7KHVH DXWKRUV LQWHUSUHW WKH*6= DVVRFLDWHGZLWK WRSWRWKH 6( VKHDULQJ DV WKH
XSSHUERXQGDU\RI WKHH[WUXVLRQFKDQQHOGXULQJ WKH'H[KXPDWLRQ WREHFRQWHPSRUDQHRXVZLWK
WRSWRWKH 1: NLQHPDWLFV RI WKH GLIIHUHQW WHFWRQRPHWDPRUSKLF XQLWV DW WKH ORZHU OHYHOV RI WKH
H[WUXVLRQFKDQQHO' LV LQWHUSUHWHG LQ WKLV VWXG\ WREHDFWLYHEHWZHHQDQG0D LQSHUIHFW
DJUHHPHQWZLWKWKHVWXG\RI5HGG\HWDO)LQDOO\LWLVFRQFOXGHGWKDWWKH$U$ULVRWRSLF
V\VWHPUHFRUGVQRUPDOO\IRUPDWLRQDQGRUGHIRUPDWLRQDJHVLQDJUHHPHQWZLWK$JDUGHWDO
:HQRWH WKDWRXU LQFUHPHQWDOKHDWLQJDQG WKHLU ODVHUDEODWLRQVKRZFRQVLVWHQW UHVXOWV7KHVHDJHV
EUDFNHWVLGHQWLFDOWRWKRVHRIWKLVVWXG\VWURQJO\FRQ¿UPWKDWWKHGLIIHUHQW³HQGPHPEHUV´RIPL[HG
SRSXODWLRQVDUHGDWDEOHE\$U$ULQFUHPHQWDOKHDWLQJOHDGLQJWKHVDPHUHVXOWVDVODVHUDEODWLRQGDWD
2XUFRPSOHWH$U$UWLPHFRQVWUDLQWVFRPSOHWHWKHJHRG\QDPLFPRGHOSURSRVHGE\%XFKHU
HWDODD7KH$U$UGDWDRI$JDUGHWDOIURPWKHVRXWKDQGWKH5E6UGDWD
IRUWKH*6=RI5HGG\HWDOFDQHDVLO\EHLQWHJUDWHGLQWRWKLVJHRG\QDPLFPRGHO$JUHHPHQWV
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:LMEUDQV-5	0F'RXJDOO,$U$UGDWLQJRIZKLWHPLFDVIURPDQ$OSLQHKLJKSUHVVXUH
PHWDPRUSKLFEHOWRQ1D[RVWKHUHVHWWLQJRIWKHDUJRQLVRWRSLFV\VWHP&RQWULE0LQHUDO3HWURO


/X+IJHRFKURQRORJ\LQWKH3LHPRQW/LJXULDRFHDQLFGRPDLQ:HVWHUQ$OSV
/X+IDQG6P1GV\VWHPDWLFVLQ+3PHWDPRUSKLFURFNVSUHOLPLQDU\
UHVXOWVRIDFDVHVWXG\IURPWKH3LHPRQW/LJXULQDRFHDQLFXQLW,WDOLDQ
)UHQFK:HVWHUQ$OSV
,QWURGXFWLRQ
7KHDJHRIV\Q'+3PHWDPRUSKLVPDORQJWKH(&256&523WUDQVHFWZDVDGGUHVVHGE\
GDWLQJRIPLFDVZLWKWKH$ULQFUHPHQWDOKHDWLQJWHFKQLTXH+LJK6LPLFDVLQWHUSUHWHGE\%XFKHUHW
DOVHHFKDSWHUWRKDYHJURZQGXULQJ'VKRZSODWHDXDJHVRI0D0LFDVKRZHYHUDUHQRW
VWDEOHXQGHUSHDNHFORJLWHIDFLHVFRQGLWLRQVLQPD¿FDQGXOWUDPD¿FURFNV&RQVHTXHQWO\DOWKRXJK
WKH'PLFDVFOHDUO\SUHGDWHWKHSKDVHRIPRVWLQWHQVLYHGHIRUPDWLRQ'GDWHGDWa0D%XFKHUHW
DOVHH&KDSWHUWKHUHVXOWLQJDJHVDUHH[SHFWHGWREHVOLJKWO\\RXQJHUWKDQWKHDJHRISHDNHFORJLWLF
FRQGLWLRQV'DWLQJSUHWRV\QNLQHPDWLFDOO\IRUPHGJDUQHWVZLWKWKH/X+IDQG6P1GV\VWHPDWLFV
WKHUHIRUHLVH[SHFWHGWRJLYHPRUHSUHFLVHLQIRUPDWLRQRQWKHWLPLQJRISHDNSUHVVXUHFRQGLWLRQV
'XULQJ WKH ODVW \HDUV WKH GLVFXVVLRQ DERXW WKH DJH RI DOSLQH +3PHWDPRUSKLVP ZDV
UHDQLPDWHG WKURXJK WKH DSSOLFDWLRQ RI GLIIHUHQW QHZ PHWKRGV VXFK DV 83E 6+5,03 DQDO\VLV
RU GDWLQJ ZLWK WKH /X+I LVRWRSLF V\VWHP 1RW RQO\ KDV WKH FRPPRQO\ DFFHSWHG WHUWLDU\ DJH RI
WKH +3PHWDPRUSKLVP LQ WKH $OSV EHHQ QHZO\ GLVFXVVHG EXW DOVR QHZ JHRG\QDPLF PRGHOV
DUJXLQJ IRU H[WUHPHO\ IDVW H[KXPDWLRQ XS WR VHYHUDO FP\U ZHUH SRVWXODWHG 7KHVH DOVR OHG
WR VSHFXODWLRQV DERXW WKH JHQHUDOO\ DFFHSWHG SDOHRJHRJUDSKLF DUUDQJHPHQW RI WKH $OSV HJ
)URLW]KHLP  VSHFXODWLRQV EXW DUH DW OHDVW SDUWO\ EDVHG RQ DJH GDWD *HEDXHU 
$QHZPHWKRGIRUGDWLQJJDUQHWVZLWKWKH/X+ILVRWRSHV\VWHPZDVHVWDEOLVKHGGXULQJWKH
ODVW\HDUVHJ'XFKrQHHWDO6HYHUDOFRQWULEXWLRQVVKRZHGWKHDGYDQWDJHRIWKLVPHWKRGRYHU
WKHFODVVLFDOROGHUPHWKRGEDVHGRQWKH6P1GLVRWRSHV\VWHP7KLVPHWKRGVKRZVHVSHFLDOO\IRU
+3/7FRQGLWLRQVLQGLFDWLRQVIRULVRWRSLFGLVHTXLOLEULXP7K|QL	-DJRXW]1DHJOHUHWDO
/XDLVHWDO7KH6P1G LVRWRSHV\VWHPKDV UHOHQWOHVVO\EHHQSODJXHGE\ WKHFRPSOLFDWLRQ
WKDWWKHLQYHQWRULHVRIWKHUDGLRJHQLFLVRWRSHVPHDVXUHGLQWKHJDUQHWVHSDUDWHVPD\EHORFDWHGLQ
LQFOXVLRQVLQJDUQHWUDWKHUWKDQLQWKHJDUQHWODWWLFHLWVHOIHJ'H:ROIHWDO6FKHUHUHWDO
%\FDUU\LQJRXWDGXDOJDUQHWGDWLQJDSSURDFKE\FRPELQLQJERWKWKH/X+IDQGWKH6P1GLVRWRSH
V\VWHPVRQWKHVDPHVDPSOHVLWLVSRVVLEOHWRHYDOXDWHWKHDGYDQWDJHDQGRUOLPLWDWLRQVRIERWKPHWKRGV
7KHFRPSDULVRQZLWK$U$UGDWDDOORZVDIXUWKHUHYDOXDWLRQRIWKHDJHLQWHUSUHWDWLRQV%\PHDQV
RI/X+IDQG6P1GGDWLQJRI+3PLQHUDODVVHPEODJHV WKH IROORZLQJTXHVWLRQVZHUHDGGUHVVHG
L'DWLQJRIWKHDJHZLWKHFORJLWHIDFLHVLQPHWDEDVLFURFNVWKDWRFFXUDVERXGLQVZLWKLQ
PDWUL[RIWKHPHWDVHGLPHQWV
LL'DWLQJRIWKHDJHRIKLJKSUHVVXUHJDUQHWLQWKHPHWDVHGLPHQWVWKDWEXLOGXSWKHPDWUL[
RIWKHPHWDEDVLFURFNDQGFRPSDULVRQZLWKWKHDJHREWDLQHGLQWKHPHWDEDVLFURFNV
LLL(YDOXDWLRQRIWKHLQÀXHQFHRIODWHUWHFWRQLFRYHUSULQWLQJDQGRIWKHDVVRFLDWHG
UHWURJUHVVLRQ
&KDSWHU
E\6WHIDQ%XFKHU5RPDLQ%RXVTXHWDQG,OND.OHLQKDQQV
&KDSWHU

,QRUGHUWRDQVZHUWKHVHTXHVWLRQVWKUHHVDPSOHVIURPWKH3/RFHDQLFXQLWZHUHVHOHFWHGIRU
FRPELQHG/X+IDQG6P1GDQDO\VLV$OOWKUHHGDWHGVDPSOHV9DXG/DQDQG/HYGHULYH
IURPWKH3/RFHDQLFXQLWRIWKH,WDOLDQ)UHQFK:HVWHUQ$OSV7KH\ZHUHDOOFROOHFWHGDORQJWKH(&256
&253WUDQVHFW5RXUHHWDO6FKPLGDQG.LVVOLQJDQGEHWZHHQWKH9DOGL&RJQHDQGWKH9DO
GL5KrPHV)LJ7KH3/RFHDQLFXQLWSUHGRPLQDQWO\FRPSULVHVFDOFVFKLVWVZKLFKDUHLQWHUOD\HUHG
ZLWKGLIIHUHQWDPRXQWVRIPHWDEDVLWHV(OWHU&LJROLQL)RUIXUWKHUGHWDLOVDERXWJHRORJLFDO
IUDPHZRUNDQGWHFWRQRPHWDPRUSKLFHYROXWLRQZHUHIHUWR%XFKHUHWDOFKDSWHURIWKLVWKHVLV
6DPSOH 9DXG LV IURP DPD¿F ERXGLQ DQG WKH REWDLQHG DJH GDWD VKRXOG LQGLFDWH WKH
DJHRISHDNSUHVVXUHFRQGLWLRQVGXULQJHFORJLWHPHWDPRUSKLVP7KHRWKHUWZRVDPSOHVLQYHVWLJDWHG
DUHPHWDSHOLWHV /DQ DQG/HY IURP WKH ERXGLQPDWUL[ DQG WKHLUPHWDPRUSKLF DJH LV QRW
H[SHFWHGWREHWKHVDPHRQHHLWKHUGXHWRUHWURJUHVVLRQRUDOWHUQDWLYHO\GXHWRPpODQJHIRUPDWLRQ
%XFKHUHWDOFKDSWHUDWWULEXWHGWKHHFORJLWLFPHWDPRUSKLVPSUHVHUYHGLQWKHERXGLQVFRUUHODWHG
WR WKH ¿UVW GHIRUPDWLRQ SKDVH ' EDVHG $U$U GDWD RI WKH PD¿F ERXGLQ VDPSOH9DXG
3HWURORJ\DQGVDPSOHGHVFULSWLRQ
0HWDVHGLPHQWVDPSOH/DQ

7KLV VDPSOH LV IURP WKH LQWHUQDO SDUW RI WKH 3/RFHDQLF XQLW DQG ZDV FROOHFWHG LQ WKH
&RJQH DUHD )LJ  7KLV 6FKLVWHV/XVWUpHV W\SH PHWDVHGLPHQW PHWDSHOLWHPHWDVDQGVWRQH
VKRZV RQO\ PLQRU LQGLFDWLRQV IRU UHWURJUHVVLRQ 7KH GRPLQDQW PLQHUDOV DUH JDUQHW FKORULWRLG
SKHQJLWH DQG SDUDJRQLWH UHSUHVHQWLQJ +3 FRQGLWLRQV HVWDEOLVKHG GXULQJ WKH ¿UVW GHIRUPDWLRQ
SKDVH ' %XFKHU HW DO  $OWKRXJK JDUQHW DQG SKHQJLWH DUH DOVR VWDEOH GXULQJ WKH
UHWURJUDGH SDUW RI WKH 37 SDWK DV ZHOO WKHUH DUH QR LQGLFDWLRQV IRU D VHFRQG SRSXODWLRQ RI
JDUQHW DQG SKHQJLWH QRU IRU RWKHU UHWURJUDGH PLQHUDOV H[FHSW IRU PLQRU DPRXQWV RI FKORULWH
7KHRUHWLFDOO\ WKLV VDPSOH LV WKHUHIRUH VXLWDEOH IRU YHULI\LQJ WKH DJHRI+3PHWDPRUSKLVP LQ WKH
PHWDVHGLPHQWV SURYLGHG WKDW DJH RIPHWDPRUSKLVP LV FRQWHPSRUDQHRXV LQ ERXGLQV DQGPDWUL[
)LJ*HRORJLFDOPDS
RIWKHVWXG\DUHDDIWHU
%XFKHUHWDOVKRZ
LQJWKHORFDWLRQVRIWKH
VDPSOHV

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6DVVLqUH 1
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9DXG
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XQGLIIHUHQWLDWHG
%ULDQoRQQDLV PLFURFRQWLQHQW
9DODLVDQ RFHDQLF XQLW
+RXLOOHU XQLW
XQGLIIHUHQWLDWHG
FRYHU
EDVHPHQW
*UDQRGLRULWH
,QWHUQDO XQLW
XQGLIIHUHQWLDWHG
0HWDVHGLPHQWV
DQG RSKLROLWHV
*UDQ 3DUDGLVR
PDVVLI
3LHPRQW/LJXULD
RFHDQLF XQLW

/X+IJHRFKURQRORJ\LQWKH3LHPRQW/LJXULDRFHDQLFGRPDLQ:HVWHUQ$OSV
0HWDEDVLWHVDPSOH9DXG
7KLVVDPSOHZDVFROOHFWHG LQDYHU\H[WHUQDOSRVLWLRQRI WKH3/RFHDQLFXQLW LHFORVH WR
WKHWHFWRQLFFRQWDFWZLWKWKH,QWHUQDOXQLW)LJ,WFRPSULVHVWKHIROOZLQJPLQHUDOVJODXFRSKDQH
JDUQHWRPSKDFLWHWLWDQLWHSKHQJLWHHSLGRWHFOLQR]RLVWLWHDQGJUHHQKRUQEOHQGH3HDNPHWDPRUSKLF
FRQGLWLRQVRI'DUHUHFRUGHGE\WKHDVVHPEODJHJODXFRSKDQHJDUQHWRPSKDFLWH7KHUHWURJUDGHSDWK
LVHYLGHQFHGE\WKHRYHUJURZWKRIJODXFRSKDQHE\JUHHQKRUQEOHQGH)LJ)XUWKHUPRUHHSLGRWH
DQGFOLQR]RLVLWHJURZGXULQJWKHUHWURJUDGH'VWDJHDQGLWVHHPVWKDWWLWDQLWHLVDOVRVWDEOHXQGHU
WKHUHWURJUDGHXSSHUJUHHQVFKLVWORZHUDPSKLEROLWHIDFLHVFRQGLWLRQV7KHUHIRUHZHFKRVHJDUQHW
LQFRPELQDWLRQZLWKS\UR[HQHLHRPSKDFLWHIRUGDWLQJSHDNSUHVVXUHFRQGLWLRQVEHFDXVHJUHHQ
KRUQEOHQGH WLWDQLWH DQGHSLGRWH]RLVLWHEHLQJ IRUPHGE\ UHDFWLRQV WKDW IROORZHGSHDNFRQGLWLRQV
0HWDVHGLPHQWVDPSOH/HY

7KLV VDPSOH DOVR GHULYHV IURP WKH PHWDVHGLPHQWV 6FKLVWHV /XVWUpHV RI WKH 3/RFHDQLF
XQLW DQG ZDV FROOHFWHG LQ DQ LQWHUPHGLDWH VWUXFWXUDO SRVLWLRQ )LJ  ,Q FRQWUDVW WR WKH RWKHU
PHWDVHGLPHQWDU\ VDPSOH /DQ LW VXIIHUHG VXEVWDQWLDO UHWURJUHVVLRQ DORQJ WKH UHWURJUDGH SDWK
7KLV LV HYLGHQFHG E\ WKH RFFXUUHQFH RI HSLGRWHFOLQR]RLVLWHDQG D VHFRQG SRSXODWLRQ RI SKHQJLWH
SKHQJLWH DQG SRVVLEO\ DOVR JDUQHW *DUQHWV RI WKH VHFRQG SRSXODWLRQ RFFXU KRZHYHU RQO\
RFFDVLRQDOO\DQGDUHRQDYHUDJHPXFKVPDOOHUP1HYHUWKHOHVVWKH+3PLQHUDODVVHPEODJH
JDUQHWJODXFRSKDQHSKHQJLWHVWLOOGRPLQDWHV WKHPLQHUDOFRPSRVLWLRQRI WKHVDPSOH7KHGDWLQJ
RI WKLVVXEVWDQWLDOO\UHWURJUHVVHGVDPSOHSRWHQWLDOO\DOORZVWRVWXG\WKHLQÀXHQFHRIUHWURJUHVVLRQ
DQG WR WHVW LQWHUQDO FRQVLVWHQF\ RI WKH UHVXOWV RI WKH WZR RWKHU VDPSOHV FKRVHQ IRU GDWLQJ
)LJ3KRWR0LFURJUDSK
IURPVDPSOH9DXG
VKRZLQJWKHRYHUJURZWKRI
JODXFRSKDQH+3E\JUHHQ
KRUQEOHQGHGXULQJWKHUHWUR
JUHVVLRQ
*UW+EO
*OQ
&KDSWHU

$QDO\WLFDO0HWKRGV
/X+I DQG 6P1G IUDFWLRQV ZHUH VHSDUDWHG IURP RQH VLQJOH VDPSOH GLJHVW IROORZLQJ
WKH SURFHGXUH GHVFULEHG E\ .OHLQKDQQV HW DO  0HDVXUHG YDOXHV IRU +I LQKRXVH
VROXWLRQ LVRWRSLFDOO\ LQGLVWXLQJXLVKDEOH IURP -0&  .OHLQKDQQV HW DO  ZHUH
  DQG  IRU +I+I +I+I DQG +I+I UHVSHFWLYHO\
$ 1G LQKRXVH VROXWLRQ JDYH YDOXHV RI   DQG  IRU
1G1G 1G1G DQG 1G1G UHVSHFWLYHO\ 7KH 1G1G UDWLR RI WKH LQKRXVH
VROXWLRQ FRUUHVSRQGV WR D /D -ROOD YDOXH RI  IRU WKLV UDWLR .OHLQKDQQV HW DO 
5HVXOWV
,W LVFRPPRQO\DFFHSWHG WKDWPLQHUDOSKDVHVSURGXFHGGXULQJRQHVSHFL¿FJHRORJLFHYHQW
VKRXOGOLHRQDOLQHDUDUUD\LQDQLVRFKURQSORW,QWKHFDVHRIPDJPDFU\VWDOOLVDWLRQWKLVLPSOLHVWKDW
HYHQWKHZKROHURFN:5GDWDVKRXOGOLHRQWKLVUHJUHVVLRQDVDOOPLQHUDOSKDVHVDUHWKRXJKWWREH
LQHTXLOLEULXP,QWKHFDVHRIDPHWDPRUSKLFHYHQWKRZHYHUPLQHUDOUHODWLRQVKLSVKDYHWREHWDNHQ
LQWR DFFRXQW7R DOORZSUHFLVH GDWLQJRI RQH VSHFL¿FPHWDPRUSKLF HYHQW RQO\SKDVHV UHRSHQHG
RUFUHDWHGDW WKDWHYHQWDUH WREHXVHG ,QDGGLWLRQ WKH LQÀXHQFHRI UHWURJUHVVLRQ LQ WKHSUHVHQFH
RIÀXLGVDQGRURI LQKHULWHGPLQHUDOVDV IRUH[DPSOH]LUFRQPRQD]LWHDQGDSDWLWH LVQRW\HWZHOO
XQGHUVWRRGHJ-DJRXW]HWDO1lJOHUHWDO6FKHUHUHWDO7RDYRLGWKLVSUREOHP
GLIIHUHQWPLQHUDOSKDVHVRIWKH+3PLQHUDODVVHPEODJHWKDWZHUHFDUHIXOO\REVHUYHGLQWKLQVHFWLRQV
LQ RUGHU WR HVWLPDWH WKH DPRXQW RI LQKHULWDQFH DQGRU FU\VWDO GDPDJHVZHUH DQDO\VHG IRU GDWLQJ
,Q WKH IROORZLQJ WKH UHVXOWV RI WKH WKUHH GDWHG VDPSOHV ZLOO EH GLVFXVVHG LQGLYLGXDOO\
7KH /X+I DQG 6P1G GDWD IRU ZKROH URFN DQG PLQHUDO VHSDUDWHV DUH SUHVHQWHG LQ 7DEOHV 
DQG  UHVSHFWLYHO\5HVXOWLQJ LVRFKURQV IRU WKH LQGLYLGXDO VDPSOHV DUH VKRZQ LQ)LJXUH  DQG 
/X+IDQG6P1GLVRWRSHJHRFKHPLVWU\
,QWURGXFWRU\UHPDUNRQWKH/XGHFD\FRQVWDQW

7KHYDOXHRIWKHGHFD\FRQVWDQWRI/XWREHXVHGIRUWKH/X+ILVRWRSHV\VWHPLVSUHVHQWO\
KLJKO\GHEDWHGLQWKHOLWHUDWXUHHJ6FKHUHUHWDO%OLFKHUW7RIWHWDO%L]]DUURHWDO
7KHYDOXHRI
DLVGHULYHGE\FDOLEUDWLRQXVLQJHXFULWLFPHWHRULWHVDQGDJHFRPSDULVRQZLWK
WKH6P1GV\VWHP%OLFKHUW7RIWHWDOWKHVHFRQGYDOXHRIDIRUO/XFRPPRQO\XVHG
LVGHULYHGE\FDOLEUDWLRQVXVLQJDFRPSDULVRQEHWZHHQ83EDQG/X+IDJHLQIRUPDWLRQRIWHUUHVWULDO
VDPSOHVWKDWFRROHGDQGFU\VWDOOLVHGUDSLGO\6FKHUHUHWDO,QWKLVVWXG\WKHGHFD\FRQVWDQWRI
6FKHUHUHWDOZLOOEHXVHGIRUWKHFDOFXODWLRQVDVWKLVFRQVWDQWLVWHUUHVWULDOO\GH¿QHGDQGFDOLEUDWHG
0HWDVHGLPHQWVDPSOH/DQ
)URP VDPSOH /DQ WZR GLIIHUHQW VL]H IUDFWLRQV RI JDUQHW 
P DQG P DQG JODXFRSKDQH ZHUH DQDO\VHG LQ DGGLWLRQ WR :5
*ODXFRSKDQH DQGJDUQHW FOHDUO\ UHSUHVHQW SHDN SUHVVXUH FRQGLWLRQV LQ WKLV VDPSOH
/XFRQWHQWV UDQJH IURPSSP LQ WKHJODXFRSKDQH WRSSP LQ WKH VPDOOHUJDUQHW
IUDFWLRQUHVSHFWLYHO\ZKHUHDV+IFRQFHQWUDWLRQVYDU\IURPLQWKHODUJHUJDUQHWIUDFWLRQWR
SSPLQWKH:5UHVSHFWLYHO\/X+IUDWLRVYDU\EHWZHHQLQJODXFRSKDQHWRLQWKH

/X+IJHRFKURQRORJ\LQWKH3LHPRQW/LJXULDRFHDQLFGRPDLQ:HVWHUQ$OSV
ODUJHUJDUQHWIUDFWLRQDQG+I+IUDWLRVUDQJHIURP:5WR*UW7KH
DQDO\VHGVHSDUDWHVGRQRWGH¿QHDVWUDLJKW OLQHZKLFKLQGLFDWHV LVRWRSHGLVHTXLOLEULXP)LJD
7KLV LV VXSSRUWHG E\ D FRPSDULVRQ RI JODXFRSKDQH DQG:5 KDYLQJ VLJQL¿FDQWO\ GLIIHUHQW +I
+IUDWLRVIRUVLPLODU/X+IUDWLRV7KLVLPSOLHVLQKHULWDQFHRI'XQHTXLOLEUDWHGPDWHULDOLQ
WKH:57KH REVHUYDWLRQ WKDW:5 LV QRW LQ HTXLOLEULXPZLWK WKH+3DVVHPEODJH LV UHSRUWHG E\
VHYHUDODXWKRUVHJ7K|QLDQG-DJRXW]0RUHRYHU6FKHUHUHWDO EDVHGRQDVWXG\
H[DPLQLQJ WKH LQÀXHQFH RI LQFOXVLRQV FRQFOXGH WKDW:5 VKRXOG EH H[FOXGHG DQG RQO\PLQHUDOV
EHLQJ SDUW RI WKH +3DVVHPEODJH VKRXOG EH XVHG IRU DJH GHWHUPLQDWLRQV RI +3PHWDPRUSKLVP
6LPLODUFRQFOXVLRQVDUHUHDFKHGE\7K|QL	-DJRXW]UHJDUGLQJWKH6P1GLVRWRSLFV\VWHP
)ROORZLQJ WKHVH VXJJHVWLRQV:5ZDV H[FOXGHGZKLFK UHVXOWV LQ D /X+I JDUQHW ± JODXFRSKDQH
DJHRI0DIRU*OQ*UWDQGRI0D*OQ*UW)LJD$JHGLIIHUHQFHV
EHWZHHQ WZRGLIIHUHQW JDUQHW VL]H IUDFWLRQV DUH UHSRUWHGE\RWKHU DXWKRUV DVZHOO DQG FRPPRQO\
H[SODLQHG E\ WKH SUHVHQFH RI LQFOXVLRQV $OWKRXJK WKH PHDVXUHG IUDFWLRQV ZHUH SXUL¿HG E\
KDQGSLFNLQJLQRUGHUWRH[FOXGHLQFOXVLRQVDVSUHDGLQLVRWRSLFUDWLRVLVREVHUYDEOH)LJD7DE
 VXJJHVWLQJ WKHSUHVHQFHRIYHU\VPDOORSWLFDOO\QRWGHWHFWDEOH LQFOXVLRQV*HQHUDOO\ IUDFWLRQV
ZLWK WKHKLJKHU /X+I UDWLRVDUH LQWHUSUHWHGDV WKHSXUHU IUDFWLRQV7KHUHIRUH WKH*UW*OQ
LVRFKURQGLVSOD\LQJ DQ DJHRI 0D LV LQWHUSUHWHG WR EHPRUH UHOLDEOH WKHQ WKH*UW
*OQLVRFKURQ+RZHYHUWKHFRQ¿GHQFHOLPLWVRIWKHJODXFRSKDQHJDUQHWDJHVIRUERWKRYHUODS
$JHVREWDLQHGZKHQFDOFXODWLQJ*UW:5LVRFKURQVDUHFOHDUO\ROGHUJLYLQJDQDJHRI0D
DQGRI*UWDQG*UWUHVSHFWLYHO\7KLVIXUWKHUVXSSRUWVRXUDVVXPSWLRQRQWKHLQKHULWDQFH
RIROGHUSRVVLEO\GHWULWDOPDWHULDO,QKHULWDQFHRIROGHUGHWULWDOPDWHULDOKDVDOUHDG\EHHQREVHUYHGLQ
WKHFDVHRI$U$UDJHVIURPVDPSOHVIURPWKHVDPHDUHD%XFKHUHWDOFKDSWHURIWKLVWKHVLV
6P FRQWHQWV UDQJH IURP SSP LQ JODXFRSKDQH WR  SSP LQ WKH ODJHU JDUQHW IUDFWLRQ
*UWUHVSHFWLYHO\7DEOH1GFRQFHQWUDWLRQVYDU\IURPSSPLQWKHODUJHUJDUQHWIUDFWLRQ
JUW WRSSP LQ WKH VPDOOHUJDUQHW IUDFWLRQ *UW DQG:55HVXOWLQJ6P1G
UDWLRVVKRZDODUJHYDULDWLRQIURPLQWKHZKROHURFNWRLQ*UWZKHUHDV1G
1GUDWLRVUDQJHIURPLQ*UWWRLQWKHVPDOOHUJDUQHWIUDFWLRQ*UW
2EWDLQHG6P1GLVRWRSHUHVXOWVGRQRWGH¿QHDOLQHDUDUUD\EXWVFDWWHUVWURQJO\)LJE
([FOXGLQJ:5IROORZLQJWKHSUHYLRXVGLVFXVVLRQDSRRUO\FRQVWUDLQHGQHJDWLYHVORSHUHVXOWV+HQFH
QRDJHLQIRUPDWLRQFDQEHGUDZQIURPWKH6P1GLVRWRSHV\VWHPDWLFVLQWKHFDVHRIWKLVVDPSOH
0HWDEDVLWHVDPSOH9DXG
,Q WKLV VDPSOH :5 WZR JDUQHW VL]H IUDFWLRQV S\UR[HQH RPSKDFLWH DQG JUHHQ
KRUQEOHQGH ZHUH DQDO\VHG *DUQHW JODXFRSKDQH DQG S\UR[HQH UHSUHVHQW WKH +3PLQHUDO
DVVHPEODJH 7KH RYHUJURZWK RI JODXFRSKDQH E\ JUHHQ KRUQEOHQGH GXULQJ UHWURJUHVVLRQ FRXOG
LQÀXHQFH WKH LVRWRSLF FRPSRVLWLRQ RI WKH IRUPHU 7KHUHIRUH JODXFRSKDQH ZDV QRW DQDO\VHG
/XDQG+IFRQWHQWV7DEDUHLQWKHVDPHUDQJHDVLQVDPSOH/DQ7KHVDPHFDQEH
REVHUYHG IRU WKH /X+I  DQG +I+I  UDWLRV 7DE 
7KHUHDUHKRZHYHUWZRPDMRUGLIIHUHQFHVFRPSDUHGWRWKHDERYHGLVFXVVHGVDPSOH/DQ
DVWKHODUJHUJDUQHWIUDFWLRQ*UWVKRZVKLJK+IFRQFHQWUDWLRQVOHDGLQJWRDYHU\ORZ/X+I
UDWLR6XFKORZ/X+IUDWLRVLQJDUQHWSRLQWWRZDUGV]LUFRQLQFOXVLRQVDVQRW/XLVORZEXW+I
LVKLJKHUFRQFHQWUDWHG,QWKHFDVHRI]LUFRQLQFOXVLRQVKRZHYHUWKHGLIIHUHQWJDUQHWIUDFWLRQVDQG
ZKROHURFNVKRXOGQRWGH¿QHDUHJUHVVLRQDVLWLVREVHUYDEOHIRUVDPSOH9DXG)LJFDQGD
7KHUHIRUHWKHLVRWRSLFFRPSRVLWLRQRI*UWLVVXVSLFLRXVDQGQRWXVHGIRUGHWHUPLQLQJWKHDJHRI
KLJKSUHVVXUHRYHUSULQW7KHUHJUHVVLRQEHWZHHQ*UWDQGS\UR[HQHGH¿QHVDQDJHRI
0D)LJFZKLFKLVLQSHUIHFWDJUHHPHQWZLWKWKHDJHLQIHUUHGIRUVDPSOH/DQ+HQFHWKLV
DJH LQGLFDWHV WKDW WKHDJHRIHFORJLWL]DWLRQRIERWKPDWUL[DQGERXGLQV LV LGHQWLFDO$QDORJRXV WR
VDPSOH/DQWKH:5GRHVQRWGH¿QHDQLVRFKURQZLWKWKHKLJKSUHVVXUHPLQHUDOVJDUQHW*UW
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/X+IJHRFKURQRORJ\LQWKH3LHPRQW/LJXULDRFHDQLFGRPDLQ:HVWHUQ$OSV
DQG S\UR[HQH 3[ DQG LV WKHUHIRUH H[FOXGHG )LJ F IRU WKH VDPH UHDVRQV DV JLYHQ DERYH
+RZHYHULQFRQWUDVWWRVDPSOH/DQWKH:5IRUWKLVVDPSOHSORWVDERYHWKHUHJUHVVLRQGH¿QHG
E\WKH+3PLQHUDOV*UWDQG3[)LJF7KHSRVVLEOHLQÀXHQFHRILQKHULWHGPLQHUDOVLQWKH:5
PRGHOOHGIRUWKHH[DPSOHRI]LUFRQLVVKRZQLQ)LJXUHD1RWHWKDWLQWKHFDVHRI]LUFRQLQFOXVLRQVLWLV
QRWSRVVLEOHIRUWKHZKROHURFNWRSORWDERYHWKH³WUXHDJH´UHJUHVVLRQOLQHDVLVREVHUYHGLQWKLVVDPSOH
)XUWKHUPRUHLWDSSHDUVWKDWWKHWZRJDUQHWIUDFWLRQV*UW*UWDQGWKH:5GH¿QHDQ
LVRFKURQ)LJF2EYLRXVO\WZRPXWXDOO\LQFRPSDWLEOHLQWHUSUHWDWLRQVFRXOGEHGUDZQKHUHHLWKHU
E\LJQRULQJS\UR[HQHRUWKH:5*UWSDLUVXJJHVWLQJDQDJHRIHLWKHU0DRU0D
IRUHFORJLWHIDFLHVFRQGLWLRQVUHVSHFWLYHO\)LJF$VPHQWLRQHGDERYHWKH:5LVQRWQHFHVVDULO\
UHOLDEOHIRUGHWDLOVVHHGLVFXVVLRQDQGWKXVLWLVFRQFOXGHGWKDWWKH*UW3[LVRFKURQUHSUH
VHQWVWKHDJHRIWKH+3PHWDPRUSKLVP7KH\RXQJHUDJHRI0DKRZHYHUFRUUHVSRQGVWR
WKHDJHRIWKHVHFRQGGHIRUPDWLRQSKDVH'DVLQIHUUHGIURP$U$U%XFKHUHWDOFKDSWHU
7KHUHIRUH LW FRXOG EH VSHFXODWHG WKDW WKLV VDPSOH VXIIHUHG SDUWLDO UHWURJUHVVLRQ DW WKDW VWDJH
:KLWHPLFDVIURPWKLVVDPSOHGDWHGE\$U$ULQFUHPHQWDOKHDWLQJ%XFKHUHWDOFKDSWHU
RI WKLV WKHVLV VKRZDSODWHDXDJHRI0D3HWURORJLFDODQGPLFURVWUXFWXUDOREVHUYDWLRQV
VXJJHVW WKDW WKHVHZKLWHPLFDVSRVWGDWHJDUQHWJURZWKEXW WKDW WKH\SUHGDWH' a0D$U
$U7KHUHIRUH WKH $U$U JHRFKURQRORJLFDO GDWD FRQ¿UPV WKH/X+I DJHV DQG YLFH YHUVD
,QFRQWUDVWWRVDPSOH/DQWKLVVDPSOHJHQHUDOO\KDVORZHU6PDQG1GFRQWHQWVUDQJLQJIURP
SSPLQS\UR[HQHWRSSPLQWLWDQLWHDQGIURPSSPLQS\UR[HQHWRLQWKHZKROHURFN
UHVSHFWLYHO\7DE7KH6P1GDQG1G1GUDWLRVYDU\IURPWRDQG
WR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7DE$JDLQDEURDGQHJDWLYHUHJUHVVLRQEHWZHHQWKHGLIIHUHQW
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)LJG$UHJUHVVLRQRIWKH+3PLQHUDOSKDVHV*UWDQG
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E&RPSLODWLRQRI/X+ILVRFKURQVIRUWKHDQDO\VHGVDPSOHV$OOGDWDFDOFXODWHGZLWKȜ/XRI[D
6FKHUHUHWDO$JHVDUHFDOFXODWHGZLWK,VRSORW9HUVLRQ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0HWDVHGLPHQWVDPSOH/HY
7KLVVHFRQGVDPSOHZLWKDSHOLWLFZKROHURFNFRPSRVLWLRQZDVVWURQJO\RYHUSULQWHGGXULQJ
'UHWURJUHVVLRQ7ZRIUDFWLRQVRIJDUQHW*UW*UWDQGHSLGRWH(S(SZKLWHPLFD
+JODQG:5WDNHQIURPWKLVVDPSOHZHUHDQDO\VHG7KH/X+IDQG+I+IUDWLRVIRU
PHDVXUHGPLQHUDOVUDQJHIURP+JOWR*UWDQGIURP+JOWR
*UWUHVSHFWLYHO\6RPHSHWURORJLFDOFRQVWUDLQWVDUHSURYLGHGE\LQVSHFWLRQRI WKLQ
VHFWLRQLQWKDWJDUQHWDQGPLFDFDQJHQHUDOO\EHDWWULEXWHGWRWKH¿UVWSKDVHRIGHIRUPDWLRQ'EXWWKHVH
PLQHUDOVDOVRUHPDLQVWDEOHGXULQJGHFRPSUHVVLRQ,QGLYLGXDOVHFRQGJHQHUDWLRQ'JDUQHWVJDUQHW
DQGPLFDVPLFDDUHHYLGHQFHGLQWKLQVHFWLRQ7KLVLVLQFRQWUDVWWRWKHPD¿FURFNVZKHUHJDUQHW
GRHVQRWUHPDLQVWDEOHGXULQJGHFRPSUHVVLRQDQGZKHUHPLFDVDUHQRWVWDEOHLQWKHHFORJLWHIDFLHV7KLV
VDPSOHVKRZVDQLQWHUHVWLQJVFDWWHULQ/X+IVSDFH,QFRQWUDVWWRERWKRWKHULQYHVWLJDWHGVDPSOHVWKH
:5SURYLGHVQHJDWLYHVORSHVZLWKDQ\RIWKHPHDVXUHGPLQHUDOV)LJHLQGLFDWLQJDGGLWLRQDOKLJKO\
UDGLRJHQLFSKDVHVVWURQJO\VXSSRUWLQJPLQHUDOGLVHTXLOLEULDLQWKLVVDPSOH7KXVDQ\IXUWKHUGLVFXVVLRQ
DERXWWKHVLJQL¿FDQFHRIJDUQHW:5DJHIRUWKLVVDPSOHLVSRLQWOHVVDQGWKLVVXSSRUWVWKHH[FOXVLRQRI
:5GXHWRLVRWRSLFGLVHTXLOLEULXP$OORWKHULQYHVWLJDWHGPLQHUDOVGH¿QHDFOHDUWUHQG)LJH7KH
DJHLQFOXGLQJDOOGDWDSRLQWVH[FHSWIRU:5LVRI0D7KHDJHGH¿QHGE\WKHODUJHUJDUQHWDQG
HSLGRWHIUDFWLRQV*UWDQG(SLQWHUSUHWHGDVWKHSXUHUIUDFWLRQVDQGPLFDLV0D)LJ
H7KLVDJHLVVLJQL¿FDQWO\\RXQJHUWKHQWKHSUHYLRXVO\HVWLPDWHGDJHIRUHFORJLWL]DWLRQRIa0D
&RQVLGHULQJ WKH VXEVWDQWLDO UHWURJUHVVLRQ DQG WKH HYLGHQFHV IRU D VHFRQG SRSXODWLRQ RI
PDLQO\SKHQJLWH DQGSRVVLEO\PLQRU DPRXQWV RI JDUQHW WKH DJHRI 0D LV LQ DJUHHPHQW
ZLWK HVWLPDWHV IRU WKH HFORJLWL]DWLRQ DJH SURYLGHG E\ WKH SUHYLRXVO\ GLVFXVVHG VDPSOHV 7KH
³FRQWDPLQDWLRQ´ E\ WKH VHFRQG DQG \RXQJHU SRSXODWLRQV PXVW UHVXOW LQ D VOLJKWO\ \RXQJHU DJH
H[DFWO\ DV LV REVHUYHG)XUWKHUPRUH(S FOHDUO\ DWWULEXWHG WR WKH V\Q' UHWURJUHVVLRQ LV SDUW
RI WKH*UW+JO LVRFKURQDQG WKLVDOVRSRLQWV WRD³PL[HGDJH´LVRFKURQ )LJH'HVSLWH
SRVVLEOH LPSXULWLHV *UW DOVR GH¿QHV DQ LVRFKURQ ZKHQ FRPELQHG ZLWK +JO (S 7KH
UHVXOWLQJDJHRI0DLVFRPSDWLEOHZLWKDPL[HGDJHDQGHYHQDOORZVWRVSHFXODWH WKDW
LQFUHDVLQJDPRXQWVRIJDUQHWUDWKHUWKDQLPSXULWLHVUHSUHVHQWWKHLVRWRSLFFRPSRVLWLRQRI*UW
7KH6P1GV\VWHPDWLFVRIWKHLQYHVWLJDWHGPLQHUDOVHSDUDWHVDQG:5DUHEDVHGRQWKHDQDO\VHV
RIWZRJDUQHWIUDFWLRQVWZRHSLGRWHIUDFWLRQVDQGSKHQJLWH*UWVKRZVWKHKLJKHVWUDGLRJHQLF1G
1GUDWLRDQG*UWGLVSOD\VWKHORZHVW1G1GUDWLR7DE$OORWKHU
LQYHVWLJDWHGPLQHUDOVDQGWKH:5KDYHLQWHUPHGLDWH1G1GFRPSRVLWLRQV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7KHLQWHUPHGLDWH6P1GDQG1G1GUDWLRVRI:5LQUHVSHFWWRHSLGRWHSKHQJLWHDQGERWK
JDUQHWIUDFWLRQV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UHVXOWLQDQHJDWLYHVORSHLQWKHLVRFKURQSORW$JDLQQRDJHFDQEHFDOFXODWHG
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RYHUSULQW WKH GLIIHUHQW EXON URFN FRPSRVLWLRQV DOVR SHWURORJLFDOO\FKHPLFDOO\ EHKDYHG GLVWLQFWO\
WKURXJKRXWWKHPHWDPRUSKLFF\FOH7KHUHIRUHWKHLGHQWLFDODJHVUHFRUGHGLQVDPSOHV9DXGDQG
/DQDOORZVFRQFOXGLQJWKDWWKHREWDLQHGDJHVIRUHFORJLWLVDWLRQRIa0DDUHUREXVW)XUWKHUPRUH
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WKLVWKHVLVDQGJHRFKURQRORJLFDOGDWDIURPWKHOLWHUDWXUH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0RUHRYHU DOO PHDVXUHG PLQHUDOV IURP VDPSOH /HY H[FHSW :5 VKRZ D UHJUHVVLRQ
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DJHLVH[SHFWHGGXHWRWKHREVHUYHGFRQWDPLQDWLRQRIZKLWHPLFDDQGSRVVLEO\JDUQHWRI\RXQJHU'
SRSXODWLRQV7KHLQWHUSUHWDWLRQWKDWWKHDJHRI0DREWDLQHGIRUVDPSOH/HYUHSUHVHQWV
DPL[HGDJHLVFRQ¿UPHGEHFDXVHLWOLHVDVZHOOEHORZWKH+3JDUQHWDJHVRIVDPSOH9DXGDQG
/DQDQGWKH0D$U$UDJHREWDLQHGRQWKHODWH'ZKLWHPLFDIURPWKHVDPHVDPSOH
9DXG%XFKHUHWDOVHHFKDSWHU7KHUHIRUHSHDNHFORJLWHIDFLHVFRQGLWLRQVPXVWKDYHEHHQ
UHDFKHGEHIRUHLHDWDURXQG0DDVLQGLFDWHGE\WKHGDWDIURPVDPSOHV9DXGDQG/DQ
:KLOHWKHDJHVREWDLQHGDUHFRQVLVWHQWLWVKRXOGEHSRLQWHGRXWWKDWIRUDOOVDPSOHVWKH:5
QHYHULVLQLVRWRSLFHTXLOLEULXPZLWKWKH+3PLQHUDOVQHLWKHUIRU/X+IQRUIRUWKH6P1GLVRWRSH
V\VWHP6LPLODUFRQFOXVLRQVZHUHGUDZQE\7K|QL	-DJRXW]DQG/XDLVHWDOUHJDUGLQJ
WKH 6P1G LVRWRSH V\VWHP 6FKHUHU HW DO  GHPRQVWUDWHG WKH LQÀXHQFH RI LQKHULWHG ]LUFRQ
SUHVHQWLQWKHZKROHURFNDQGRUJDUQHWRQWKH/X+ILVRWRSHV\VWHPDQGFRQFOXGHGWKDWDSSDUHQW
:5JDUQHWLVRFKURQVDUHPHDQLQJOHVVZKHQLQFOXVLRQVDUHSUHVHQW)LJD2QO\LQVDPSOH/DQ
FDQWKHLVRWRSLFGLVHTXLOLEULXPEHH[SODLQHGE\LQKHULWHG]LUFRQLQFOXVLRQV,QWKHFDVHRIWKHWZR
RWKHUVDPSOHVWKH:5SORWVDERYHWKH+3UHJUHVVLRQLQWKHLVRFKURQSORWH[FOXGLQJLQKHULWHG]LUFRQ
LQFOXVLRQVDVWKHRULJLQIRUWKHLVRWRSLFGLVHTXLOLEULXP)RUVDPSOH/HYWKH:5HYHQSORWVIDU
DERYHWKHUHJUHVVLRQGH¿QHGE\WKH+3PLQHUDOV7KLVUHTXLUHVIRUDGGLWLRQDOSKDVHVIRUEDODQFLQJ
WKLVVWURQJGLVHTXLOLEULXP5HWURJUHVVLRQDVDQRWKHUSRVVLELOLW\IRUSURGXFLQJLVRWRSLFGLVHTXLOLEULXP
LV LQGLFDWHG E\ SHWURORJLFDO REVHUYDWLRQV&RPPRQO\+3URFNV DUH VWURQJO\ GHK\GUDWHG DQG LW LV
JHQHUDOO\DFFHSWHGWKDWUHWURJUHVVLRQLQWKHVHURFNVRQO\EHFRPHVVXEVWDQWLDOE\LQ¿OWUDWLRQRIÀXLGV
7KHVXSSO\RIÀXLGVKRZHYHUDOORZVIRUQHRIRUPDWLRQRIPLQHUDOV%XWWKHVHQHZO\JURZQPLQHUDOV
KDYHDGLIIHUHQWLQLWLDO+I+IUDWLRWKDQ+3PLQHUDOVZKLFKFDXVHDVKLIWRIWKH:5DZD\IRUP
WKH+3LVRFKURQ1HZO\IRUPHGPLQHUDOVKRZHYHUDOVRKDYHKLJK/X+IOHDGLQJWRDVKLIWRI
WKH:5SULPDULO\WRKLJKHU/X+IUDWLRV$GGLWLRQDOO\LWLVFRPPRQO\EHOLHYHGWKDW+ILVLPPRELOH
LQÀXLGVZKHUHDV/XLVVHHPVYHU\PRELOH8QIRUWXQDWHO\WKHFRPELQDWLRQRIWKHVHDUJXPHQWVFDQQRW
H[SODLQWKHKLJK+I+IUDWLRVREWDLQHGIRUVDPSOHV9DXGDQG/HY1HYHUWKHOHVVDGYHFWLRQ
RIDÀXLGFRQWDLQLQJUDGLRJHQLF+ILVWKHRQO\ZD\WRH[SODLQVXFKKLJK+I+IUDWLRVIRU:5DV
REWDLQHGIRUWKHVDPSOHVIURPWKLVVWXG\,QWKLVFDVHDVKLIWRIWKH:5WRZDUGVKLJKHU+I+I
UHVXOWVDQGLVGXHWRQHRIRUPDWLRQRIPLQHUDOVGXULQJUHWURJUHVVLRQ0LFDVLQGLFDWHUHWURJUHVVLRQLQ
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&RPSLODWLQRI/X+IDQG6P1GDQDO\VLVDQGWKHUHVXOWLQJDJHIRUWKHDQDO\VHGVDPSOHV
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WKHSUHVHQFHRIÀXLGVIRUWKHPHWDEDVLFVDPSOH9DXG%HFDXVHWKHVHPLQHUDOVFOHDUO\SRVWGDWH
HFORJLWHFRQGLWLRQVWKH\VKRXOGFDXVHDVKLIWRI:5WRZDUGVKLJKHU+I+IH[DFWO\DVLVREVHUYHG
LQWKHLVRFKURQSORWRIVDPSOH9DXG7KHYDOXHRIWKLVLQWHUSUHWDWLRQFDQEHWHVWHGRQWKHVWURQJO\
UHWURJUHVVHGVDPSOH/HY7KHODUJHUDPRXQWVRIQHZO\IRUPHGPLQHUDOVSKHQJLWHHSLGRWH
SUHVHQW LQ WKLVVDPSOHZKHQFRPSDUHG WRVDPSOH9DXGPXVWUHVXOW LQD ODUJHURIIVHWRI:5
,QGHHGWKHRIIVHWRI:5LQVDPSOH/HYLVPXFKODUJHUWKDQWKDWRIVDPSOH9DXGDOORZLQJ
IRUWKHFRQFOXVLRQWKDWUHWURJUHVVLRQKDVDVLJQL¿FDQWLQÀXHQFHRQWKHLVRWRSLFFRPSRVLWLRQRI:5
&RPSDULVRQRI/X+IDJHHVWLPDWHVIURPWKH3LHPRQW/LJXULDRFHDQLFXQLWVKRZVWKDWWKH
DJHVREWDLQHGLQWKLVVWXG\DUHIDLUO\FRPSDWLEOHZLWKRWKHU/X+IGDWD'XFKrQHHWDOIRXQG
0DUHFDOFXODWHGIRUWKHGHFD\FRQVWDQWRI6FKHUHUIXUWKHUWRWKHVRXWKLQWKH0RQYLVRDUHD
$UHFHQWVWXG\RI/DSHQHWDORIWKH/DJRGL&LJQDQDORFDOLW\QRUWKRIWKHVWXG\\LHOGHGDUHD
DQDJHRI0DEDVHGRQDUHJUHVVLRQEHWZHHQ:5JDUQHWFOLQRS\UR[HQHEOXHDPSKLEROH
+RZHYHUDOOWKHVHDJHVDUHVOLJKWO\\RXQJHUWKHQWKRVHSUHVHQWHGLQWKLVVWXG\,QWHUHVWLQJO\WKHDJH
RIWKHPRVWUHWURJUHVVHGVDPSOH/HYLVQH[WWRWKHDERYHPHQWLRQHGDJHVWDNHQIURPWKHOLWHUDWXUH
$VVKRZQDERYHWKHLQÀXHQFHRIUHWURJUHVVLRQLVREYLRXVLQWKLVVDPSOHDQGLWLVWKLVUHWURJUHVVLRQ
DQGPL[WXUHZLWK'SKDVHVWKDWOHDGVWRWKH\RXQJHUDJHFRPSDUHGWRWKHRWKHUVDPSOHVRIWKLVVWXG\
'LIIHUHQWDXWKRUVFODLPWKDWWKH/X+ILVRWRSHGDWDSUREDEO\UHÀHFWJDUQHWJURZWK:HZRXOG
DUJXHWKDWWKLVSHUIHFWO\H[SODLQVWKHDJHGLIIHUHQFHEHWZHHQQRQRUVOLJKWO\UHWURJUHVVHGVDPSOHV
9DXG/DQZLWKDJHVEHWZHHQ0DDQGWKH0DRIWKHVWURQJO\UHWURJUHVVHGVDPSOH
/HY/DSHQHWDODOVRLQWHUSUHWWKHLU/X+IDJHRI0DDVWKHDJHRISURJUDGH
JDUQHWJURZWK$PDWRHWDOREWDLQHGD6P1GDJHRI0D$PDWRHWDO
7KHGLIIHUHQFHEHWZHHQ/X+I DQG6P1GRIa0DERWK LQWHUSUHWHG WRGDWHSHDNSUHVVXUHV LV
VLJQL¿FDQW7KHUHIRUH/DSHQHWDOFRQFOXGHGWKDWWKH/X+ILVRWRSHV\VWHPRQO\GDWHVLQLWLDO
SURJUDGH JDUQHW JURZWK DQG WKDW RQO\ 6P1G GDWHV SHDN SUHVVXUH FRQGLWLRQV&RQVHTXHQWO\ WKH
DERYHPHQWLRQHGDXWKRUV LQWHUSUHWHGa0DDV WKH WLPHIRUSHDNSUHVVXUHFRQGLWLRQV LQ WKH3/
RFHQDLFXQLW+RZHYHU LQWHUSUHWDWLRQRI/DSHQHW DO  VWURQJO\FRQWUDVWV WKH UHVXOWVRI WKLV
VWXG\DQGWKRVHRIWKH$U$UVWXG\SUHVHQWHGE\%XFKHUHWDOVHHFKDSWHU6DPSOH9DXG
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ZKLWHPLFD:KLWHPLFDJURZVGXULQJ UHWURJUHVVLRQDQG LVQRWSDUW RI WKHSHDNSUHVVXUHPLQHUDO
DVVHPEODJH&RQVHTXHQWO\SHDNSUHVVXUHFRQGLWLRQVPXVWSUHGDWH0DDVJLYHQE\ZKLWHPLFD
,WVKRXOGEHQRWHGWKDWDGGLWLRQDO$U$UDJHGDWDIURP'DO3LD]HWDO0DDQG5E
6UGDWDIURP5HGG\HWDO0DRQZKLWHPLFDIURPDUHDVFORVHWRWKH/DJRGL&LJQDQD
QRW LQFOXGHG LQ WKHGLVFXVVLRQRI/DSHQHW DO 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 DOVR VXJJHVW WKDWSHDNSUHVVXUH FRQGLWLRQV
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0DDQG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
/X+IJHRFKURQRORJ\LQWKH3LHPRQW/LJXULDRFHDQLFGRPDLQ:HVWHUQ$OSV
/DSHQ7+-RKQVRQ&0%DXPJDUWQHU/30DKOHQ-1%UHDG/%	$PDWR-0%XULDO
UDWHVGXULQJSURJUDGHPHDWPRUSKLVPRIDQXOWUDKLJKSUHVVXUHWHUUDQHDQH[DPSOHIURP/DJRGL
&LJDQDZHVWHUQ$OSV,WDO\(DUWKDQG3ODQHWDU\6FLHQFH/HWWHUV
/XDLV%'XFKrQH6	GH6LJR\HU-6P1GGLVHTXLOLEULXPLQKLJKSUHVVXUHORZWHPHUDWXUH
+LPDOD\DQDQG$OSLQHURFNV7HFWRQRSK\VLFV
/XGZLJ.58VHU¶VPDQXDOIRU,VRSORW([HUYDJHRFKURQRORJLFDOWRRONLWIRU0LFURVRIW([FHO
%HUNOH\*HRFKURQRORJLFDO&HQWHU6SHF3XEODSS
0D\HU$$ERXFKDPLQ:	'DO3LDO*9(RFHQH6P1GDJHIRUWKHHFORJLWLFPHWDPRUSKLVPRI
WKH=HUPDWW6DDVRSKLROLWKHLQ$\DV9DOOH\:HWVUHQ$OSV(XU8QLRQ*HRVFL
1lJOHU7)+RO]HU/	)UHL51GDQI3ELQ0RQD]LWH,QFOXVLRQVZLWKLQ3RO\PHWDPRUSKLF
*DUPHWV+HOORU+HDYHQ"$*8IDOOPHHWLQJVXSSOHPHQWVWR(261RYHPEHU
5HGG\60:KHHOHU-	&OLII5$7KHJHRPHWU\DQGWLPLQJRIRURJHQLFH[WHQVLRQDQH[DPSOH
IRUPWKH:HVWHUQ,WDOLDQ$OSV-0HWDPRUSK*HRO
6FKHUHU((&DPHURQ./	%LOFKHUW7RIW-/X+IJDUQHWJHRFKURQRORJ\&ORVXUHWHPSHUDWXUH
UHODWLYHWRWKH6P1GV\VWHPDQGWKHHIIHFWVRIWUDFHHOHPHQWLQFOXVLRQV*HRFKLPFRVPRFKL$FWD

6FKHUHU((0QNHU&	0H]JHU.&DOLEDUWLRQRIWKHOXWHWLXPKDIQLXPFORFN6FLHQFH

7K|QL0	/DJRXW](6RPHQHZDVSHFWVRIGDWLQJHFORJLWHVLQRURJHQLFEHOWV6P0G5E6UDQG
3E3ELVRWRSLFUHVXOWVIURPWKH$XVWURDSOLQH6DXDOSHDQG.RUDOSHW\SHORFDOLW\&DQULQWKLD6\ULD
VRXWKHDVWHUQ$XVWULD*HRFKLPFRVPRFKL$FWD


6\QWKHVLV
6\QWKHVLV
+HUHWKHYDULRXVFRQFOXVLRQVDQGGLVFXVVLRQVH[WUDFWHGIURPWKHLQGLYLGXDOFKDSWHUVDUHV\QWKHVLVHG
7KHUHE\ WKH VWUXFWXUDO SHWURORJLFDO DQG JHRFKURQRORJLFDO GDWD REWDLQHG ZLOO EH SUHVHQWHG
FKURQRORJLFDOO\DQGLQWHJUDWHGLQWRWKHWHFWRQLFHYROXWLRQDVGHULYHGIURPWKHVWUXFWXUDODQDO\VLV
7KUHHGXFWLOHGHIRUPDWLRQSKDVHV ''DUH LQGLFDWHG LQ WKHVWXG\DUHD LQFRUSRUDWLQJ WKH1:
6(DORQJ WKH(&256&523VHLVPLF WUDQVHFW IURP WKH3W6W%HUQDUGSDVV WR WKH*UDQ3DUDGLVR
PDVVLI
+3PHWDPRUSKLVP'
'VWUXFWXUHVZHUHODUJHO\RYHUSULQWHGE\VXEVHTXHQWGHIRUPDWLRQ2QDPDFURVFRSLFDOVFDOH
WKH¿UVWIROLDWLRQLVRQO\SUHVHUYHGLQ)IROGKLQJHV2QWKLQVHFWLRQVFDOH6LVGH¿QHGE\FKORULWRLG
UHIROGHGE\'DQGDVDQ LQWHUQDO IROLDWLRQZLWKLQJDUQHW ,QPHWDSHOLWHV WKHPLQHUDODVVHPEODJH
JDUQHWSKHQJLWHSDUDJRQLWHFKORULWRLGFKDUDFWHUL]HVVWDEOHGXULQJ'0LQHUDODVVHPEODJHVKRZHYHU
DOVRGHSHQGRQEXONURFNFRPSRVLWLRQ7KHUHIRUHWKHSHDNSUHVVXUHDVVHPEODJHLQVDPSOHVZLWKDQ
LQWHUPHGLDWHFRPSRVLWLRQEHWZHHQPHWDSHOLWHDQGPHWDVDQGHVWRQHFRQVLVWHGRIJODXFRSKDQHJDUQHW
SKHQJLWHSDUDJRQLWH1RLQGH[PLQHUDO]RQDWLRQLVREVHUYHGLQWKHVWXG\DUHD7KXVGLIIHUHQFHVLQ
SUHVVXUH DQG WHPSHUDWXUH FDQRQO\EH HVWLPDWHGEDVHGRQJHREDURPHWU\RURQ HTXLOLEULXPSKDVH
GLDJUDPV  3HDN SUHVVXUH FRQGLWLRQVZHUH HVWLPDWHG XVLQJ WKH VRIWZDUH SDFNDJHV'20,12 DQG
7:4,QWKHPRVWH[WHUQDOXQLWWKH=RQH+RXLOOqUHXQLWWKHPLQHUDODVVHPEODJHFRQVLVWLQJRI0Q
ULFK JDUQHWSKHQJLWHFKORULWHFKORULWRLG LV LQWHUSUHWHG WR UHSUHVHQW SHDNSUHVVXUH FRQGLWLRQV RIa
NEDU DW WHPSHUDWXUHV RI a& ,Q WKH KLWHKHUWR QRW SHUWRORJLFDOO\ LQYHVWLJDWHG 3HUPR7ULDVVLF
PHWDSHOLWLFFRYHUURFNVRIWKH5XLWRUXQLWWKHLQWHUPHGLDWHWHFWRQRPHWDPRUSKLFXQLWRIWKHVWXG\
DUHDWKHPLQHUDODVVHPEODJHJDUQHWFKORULWHSKHQJLWHSDUDJRQLWHFKORULWRLGLVWKHDVVHPEODJHVWDEOH
DWSHDNSUHVVXUHFRQGLWLRQVDQGGXULQJWKH¿UVWGHIRUPDWLRQSKDVH'37HVWLPDWLRQV\LHOG
NEDUDWWHPSHUDWXUHVRI&LQFRQWUDVWWRHSLGRWHEOXHVFKLVWIDFLHVFRQGLWLRQVLQWHUSUHWHGVR
IDUNEDU&%DXGLQ7KHVRFDOOHG,QWHUQDOXQLWLVWKHWKLUGXQLWLQYHVWLJDWHG,Q
WKH3HUPR7ULDVVLFPHWDVHGLPHQWVWKHPLQHUDODVVHPEODJHVJODXFRSKDQHJDUQHWSKHQJLWHSDUDJRQLWH
DQG JDUQHWSKHQJLWHSDUDJRQLWH UHVSHFWLYHO\ UHSUHVHQW SHDN PHWDPRUSKLF FRQGLWLRQV  )RU WKH
,QWHUQDOXQLWSKDVHHTXLOLEULXPGLDJUDPVSUHGLFWSUHVVXUHVRINEDUDWWHPSHUDWXUHVDURXQG
&%DVHGRQWKH37HVWLPDWLRQVLQFUHDVLQJSHDNSUHVVXUHVDUHREVHUYHGIURPSDOHRJHRJDUSKLF
H[WHUQDOWRLQWHUQDO7KH\DUHLQWHUSUHWHGWREHUHODWHGWRGHHSHUVXEGXFWLRQRIPRUHLQWHUQDOXQLWV
7KHWLPLQJRIWKH¿UVWGHIRUPDWLRQSKDVH'FRUUHODWHGZLWKSHDNSUHVVXUHFRQGLWLRQVZDV
DGGUHVVHGE\DPXOWLFKURQRORJLFDODSSURDFK$U$ULQFUHPHQWDOKHDWLQJRQSKHQJLWHEHOLHYHGWR
KDYHIRUPHGGXULQJ'DQG/X+ILVRWRSHDQDO\VHVRIJDUQHWZHUHFRPELQHGLQRUGHUWRHVWLPDWHWKH
DJHRISHDNSUHVVXUHZLWKLQDVHOIFRQWUROOLQJVHWWLQJ$GGLWLRQDOFRQWURORQWKHLVRWRSHDQDO\VHVZDV
GHULYHGKRZHYHUIURPSHWURORJLFDODQGVWUXFWXUDOLQYHVWLJDWLRQVRIGDWHGVDPSOHV
7KHHFORJLWLFERXGLQDQDO\VHGE\$U$UDQG/X+IVKRZVDQLQWHUQDOIROLDWLRQGLVFRUGDQW
WRWKHPDLQIROLDWLRQ7KHODWWHULVDVFULEHGWRWKHVHFRQGSKDVHRIGHIRUPDWLRQ'&RQVHTXHQWO\WKH
LQWHUQDOIROLDWLRQPXVWEHROGHUDQGLVWKHUHIRUHDWWULEXWHGWR'7KHVHREVHUYDWLRQVXQDPELJXRXVO\
WR DOORZFRUUHODWHJDUQHWV DQGSKHQJLWHVRFFXUULQJ LQ WKH HFORJLWLFERXGLQZLWK WKH¿UVW SKDVHRI
GHIRUPDWLRQ,QPHWDEDVLFURFNVKRZHYHUPLFDVDUHQRWVWDEOHLQHFORJLWHIDFLHVEXWRFFXUDVWKH¿UVW
QHRIRUPHGPLQHUDOVGXULQJUHWURJUHVVLRQLQWKHSUHVHQFHRIÀXLGV7KHUHIRUHJDUQHWVPXVWEHROGHU
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WKDQPLFDV7KHJHRFKURQRORJLFDOUHVXOWVSHUIHFWO\UHÀHFWHGWKHVHREVHUYDWLRQV:KLOH/X+IDQDO\VLV
VKRZDJDUQHWS\UR[HQHDJHRI0DSKHQJLWHVDQDO\VHGE\$U$ULQFUHPHQWDOKHDWLQJ
VKRZDSODWHDXDJHRI0D)XUWKHUPRUHWKHSHDNSUHVVXUHDJHLVFRQVWUDLQHGE\DGGLWLRQDO
VDPSOHVGHULYHGIURPWKHPHWDVHGLPHQWDU\PDWUL[RIWKHHFORJLWLFERXGLQV,QD¿UVWVDPSOHZKLFK
HVFDSHGUHWURJUHVVLRQDQDJHRI0DZDVREWDLQHGZKHUHDVDVHFRQGVWURQJO\UHWURJUHVVHG
VDPSOHLVFRQWDPLQDWHGE\QHRIRUPHGSKHQJLWHDQGJDUQHWVXJJHVWLQJDPL[HGDJHRI0D
&RPELQLQJWKHVHUHVXOWVDOORZVWRFRQFOXGHWKDWGXULQJHDUO\VWDJHRI'DWa0DGXULQJ
VXEGXFWLRQSHDNSUHVVXUHFRQGLWLRQVDUHUHDFKHG7KLVZDVIROORZHGE\WKHLQLWLDOVWDJHRIUHWURJUHVVLRQ
GXULQJDODWHVWDJHRI'LHDURXQG0D
([KXPDWLRQDQGQDSSHVWDFNLQJ'
' UHSUHVHQWV WKHGRPLQDQWGHIRUPDWLRQHYHQW FKDUDFWHUL]HGE\¿QDOQDSSH VWDFNLQJDQG
LVRFOLQDO IROGLQJ RQ DOO VFDOHV2ZLQJ WR LQWHQVH WUDQVSRVLWLRQ WKHPDLQ IROLDWLRQ LV D FRPSRVLWH
RI6DQG6) IROGV VKRZDZLGH VSUHDG LQSOXQJHDQGD]LPXWK IURP(6( WR:1:EHWZHHQ
WKH+RXLOOHU)URQWDQG WKH9DOJULVHQFKHDQG WKH\SOXQJH WR WKH:1:RYHU WKH UHVWRI WKHVWXG\
DUHD 7KH LQWHQVLW\RI WKHGHIRUPDWLRQGXULQJ' LQFUHDVHV IURPHDVW WRZHVWDV LV LQGLFDWHGE\
WKHSURJUHVVLYH WLJKWHQLQJRI)IROG/VWUHWFKLQJOLQHDWLRQVDUHRULHQWHGSDUDOOHO WR WKH)IROG
D[HV7UDQVSRUWGLUHFWLRQV LQFOXGLQJ WKRVHREVHUYHGDW WKH(7&(QLJPDWLF WHFWRQLFFRQWDFW L/
(QWUHORUHVKHDU]RQHDUHFRQVLVWHQWO\WRSWRWKH:1:DVLQGLFDWHGE\VKHDUEDQGVDQGDV\PPHWULF
SRUSK\URFODVWV'HWDLOHGVWUXFWXUDODQDO\VHVLQGLFDWHWKDW'GHIRUPDWLRQPLJUDWHGIRUPHDVWWRZHVW
:KLOHWKHLQWHUQDO WHFWRQLFFRQWDFWVEHWZHHQWKH3/RFHDQLFXQLW WKH,QWHUQDOXQLWDQGWKH5XLWRU
XQLW DUH UHIROGHG GXULQJ RQJRLQJ WRSWRWKH: VKHDULQJ WKH WHFWRQLF FRQWDFW EHWZHHQ WKH5XLWRU
XQLWDQGWKH=RQH+RXLOOqUHXQLWFXWVDFURVV'VWUXFWXUHVDQGLVWKHUHIRUHQRWDFWLYHEHIRUHDODWH
VWDJHRI'7KHVHVWUXFWXUDOLQWHUSUHWDWLRQVDUHFRQ¿UPHGE\$U$ULQFUHPHQWDOKHDWLQJGDWDDQG
37HVWLPDWHV,QDOOGDWHGVDPSOHVH[FHSWKLJKO\GHIRUPHGVDPSOHVVWDLUFDVHRUXSZDUGFRQYH[
VKDSHGDJHVSHFWUDSRLQWWRPL[HGDJHV6DPSOHVWDNHQIURPWKH0RQWH5RVDXQLWIRUFRPSDULVRQ
PHWDPRUSKRVHGDWWHPSHUDWXUHV!&FOHDUO\LQGLFDWHPL[HGDJHVGXHWRLQKHULWHGSUH$OSLQH
ZKLWH PLFD 7KLV ZKLWH PLFD SDUWO\ NHSW LWV RULJLQDO LVRWRSLF FRPSRVLWLRQ RYHU WKH HQWLUH +3
PHWDPRUSKLF F\FOH 7KHVH H[DPSOHV WRJHWKHU ZLWK SHWURORJLFDO DQG PLFURVWUXFWXUDO DUJXPHQWV
VXJJHVWWKDWIRUPDWLRQGHIRUPDWLRQDJHVFDQEHH[WUDFWHGIURPWKH$U$UDJHV)XUWKHUPRUHWKH
UHVXOWV IURP FRPELQHG SHWURORJLFDO DQGPLFURFKHPLFDO LQYHVWLJDWLRQV FOHDUO\ GRFXPHQWPXOWLSOH
SRSXODWLRQVLQDOOVDPSOHVIURPYDULRXVXQLWV$U$UWRWDOIXVLRQDJHVDWWKH+RXLOOHU)URQWDUH
DURXQG0DDQGGRPLQDWHGE\ODUJHDPRXQWVRIGHWULWDOZKLWHPLFD7RZDUGVWKH6(LQWHUQDO
DJHVFRQWLQXRXVO\GHFUHDVHWR0DVXFKDVIRXQGDWWKHWHFWRQLFFRQWDFWEHWZHHQWKH,QWHUQDOXQLW
DQGWKH3/RFHDQLFXQLW,QFUHDVLQJDPRXQWVRIPHWDPRUSKLFZKLWHPLFDGXHWRLQFUHDVLQJLQWHQVLW\
RIGHIRUPDWLRQFDXVHGHFUHDVLQJ$U$UWRWDOIXVLRQDJHV&O.±DJHFRUUHODWLRQGLDJUDPVYHULI\
WKLVK\SRWKHVLVDQGDOORZIRUDVVLJQLQJDQDJHEHWZHHQ0D WR'GHIRUPDWLRQ7KLV ODUJH
VSUHDGLVGXHWRWKHIDFWWKDW'GHIRUPDWLRQEHFRPHVLQFUHDVLQJO\\RXQJHUWRZDUGVWKHZHVW7KH
'P\ORQLWHVIURPWKHWHFWRQLFFRQWDFWEHWZHHQWKH,QWHUQDOXQLWDQGWKH3/RFHDQLFXQLWJLYHIRU
H[DPSOHDSODWHDXDJHRI0DLQWHUSUHWHGWRGDWHWKHDFWLYLW\DORQJWKLVFRQWDFW,QFRQWUDVW
DW WKH WHFWRQLFFRQWDFWEHWZHHQ WKH5XLWRUXQLW DQG WKH=RQH+RXLOOqUHXQLW DQDJHRIa0D LV
HYLGHQFHG FRQ¿UPLQJ WKH VWUXFWXUDO LQWHUSUHWDWLRQ WKDW WKLV WHFWRQLF FRQWDFW LV DFWLYH GXULQJ WKH
ODWHVWVWDJHRI'GHIRUPDWLRQ7KH37HVWLPDWHVDUHLQOLQHZLWKWKLVLQWHUSUHWDWLRQ)RUWKH=RQH
+RXLOOqUHXQLWPD[LPXPSUHVVXUHVRINEDUDUHHVWLPDWHGVXJJHVWLQJWKDWWKLVXQLWKDVQHYHUEHHQ
GHHSO\VXEGXFWHG%HWZHHQWKH5XLWRUXQLWDQGWKH=RQH+RXLOOqUHXQLWDPHWDPRUSKLFGLVFRQWLQXLW\
RIDERXWNEDULVGRFXPHQWHG([KXPDWLRQE\HURVLRQWDNHVSODFHFRQWHPSRUDQHRXVO\ZLWKQDSSH
VWDFNLQJKHQFHWKH=RQH+RXLOOqUHXQLWLVQRWLQFRUSRUDWHGXQWLODODWHVWDJHGXULQJ'([KXPDWLRQ
WDNLQJSODFHGXULQJ'LVHYLGHQFHGE\SHWURORJLFDOREVHUYDWLRQVLQFRPELQDWLRQZLWK37HVWLPDWHV

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,QWKH5XLWRUXQLWWKHPLQHUDODVVHPEODJH&KOF=R)VS3KHFKDUDFWHUL]LQJWKH'PDLQIROLDWLRQ
FOHDUO\SRVWGDWHVWKH+3DVVHPEODJH37HVWLPDWHVSUHGLFWDVWDELOLW\RIWKLVDVVHPEODJHDWSUHVVXUHV
NEDULGHQWLFDOZLWKWKHUHVXOWVIURPWKH,QWHUQDOXQLWDQGWKH3/RFHDQLFXQLW7KHUHIRUH'LV
DVVRFLDWHGZLWKGHFRPSUHVVLRQIRUPSHDNSUHVVXUHV'GRZQWRDERXWNEDU+HQFHPRVWRIWKH
H[KXPDWLRQWDNHVSODFHGXULQJ'DQGWKLVPDLQO\E\HURVLRQ
/DUJHVFDOHQDSSHUHIROGLQJ'
'LVFKDUDFWHUL]HGE\RSHQPHVRVFDOHSDUDVLWLFIROGVWKDWUHIROGWKHFRPSRVLWH66PDLQ
IROLDWLRQDQGZKLFKFDXVHWKHSUHYLRXVO\PHQWLRQHGZLGHUDQJHLQRULHQWDWLRQVRIWKH/VWUHWFKLQJ
OLQHDWLRQV DQG ) IROG D[HV ' IROG D[HV DUH PRGHUDWHO\ 1( DQG 6: SOXQJLQJ DQG VKRZ D
JHQWO\JHQHUDOO\6(GLSSLQJD[LDOSODQHV$QD[LDOSODQHFOHDYDJHLVRQO\ORFDOO\REVHUYHG%DVHG
RQPDSSLQJRIWKHYHUJHQF\RIPHVRVFRSLF'IROGVWKHD[LDOSODQHWUDFHVRIWZR'PHJDIROGV
ZHUH WUDFHG ,Q WKH H[WHUQDO SDUW RI WKH VWXG\ DUHD WKHUH LV D JUDGXDO FKDQJH RI WKH 66PDLQ
IROLDWLRQDSSDUHQWIDQVWUXFWXUHpYHQWDLOEULDQoRQQDLVFKDUDFWHUL]HGE\D6(GLSDWWKH+RXLOOHU
)URQWWKURXJKDVXEYHUWLFDORULHQWDWLRQZLWKLQWKH=RQH+RXLOOqUHXQLWLQWRDSUHGRPLQDQW1:GLS
REVHUYHGLQWKHUHVWRIWKHVWXG\DUHD7KLVFKDQJHLQRULHQWDWLRQLVFDXVHGE\'IROGLQJUDWKHUWKDQ
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